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Abstract 
Lent inula edodes (Xianggu or Shiitake mushroom) is a well-known edible 
mushroom. It has been used medicinally for thousands of years for its anti-tumor, 
anti-virus, and immunopotenting activity. We would like to advance our 
understanding on Shiitake mushroom with long-term goals of strain improvement. 
Many methods have been used to investigate genes in Shiitake mushroom, for 
example, differentially display and Expressed Sequence Tag (EST) generation. 
However, these methods cannot provide a comprehensive gene expression profile. 
DNA microarray and Serial analysis of gene expression (SAGE) are better method to 
generate gene expression profiles. The SAGE is more powerful in the quantitative 
and qualitative analysis of gene expression profile than other methods, rapidly 
providing detailed information on quantity and diversity of the gene transcripts. 
It is desirable-to investigate the differentially expressed gene profile in different 
cell types or cells kept at different conditions. In order to compare the gene 
expression profiles of two developmental stages, dikaryotic mycelium and 
primordium, of Lentinula edodes, SAGE libraries of these two stages were 
generated. 
SAGE is based on 3 steps: (1) 9-13bp sequence tags are extracted from mRNAs 
by Mc/IIl anchoring enzyme, (2) concatemers are generated from tags for cloning 
and sequencing, (3) SAGE tags are extracted from raw sequence and analyzed by the 
SAGE™ analysis software. 
A total of 6844 tags were collected, 3395 tags from the primordium SAGE 
library and 3349 tags from the mycelium SAGE library. About 1200 tags (about 200 
unique tags) matched the ESTs generated from primordial stage of Lentinula edodes 
and their cellular roles were categorized according to the Expressed Gene Anatomy 
i 
Database (EGAD). In mycelial stage, among the matched unique tags, 1.1% was 
involved in cell division, 4.4% in cell signaling, 3.3% in cell structure, 9.8% cell 
defense, 21.7% in gene/protein expression, and 16.3% in metabolism. In the 
primordial stage, among the matched unique tags, 6.7% was involved in cell division, 
3.4% in cell signaling, 1.7% in cell structure, 10.9% in cell defense, 29.4% in 
gene/protein expression, and 16.8% in metabolism. cDNA microarray was used to 
compare the gene expressions profile of the ESTs in dikaryotic mycelium and 
primordium. Results of cDNA microarray analysis were used to confirm the SAGE 
data. The cDNA microarray results were 100% consistent when the tag abundances 
were higher than 40 copies transcriptome and were more consistent with the SAGE 
results obtained from primordium than that from mycelium. 
Most of the high abundance genes obtained from the SAGE libraries were 
differentially expressed in either of the developmental stages. Some of these 
interested tags were not be precisely identified so full lengths of the cDNA clones of 
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Chapter 1 Literature Review 
1.1 Introduction 
Fungi have been found living on Earth for more than 350 million years. 
Unfortunately some species are extinct (Teasar, 1994). About 100,000 different 
species have been identified. These species can be classified into seven phyla. They 
are Myxomycota, Domycota, Basidiomycota, Ascomycota, Deuteromycota, 
Mycophycota, and Zygomycota. Mushroom can be found in Basidiomycota and 
Ascomycota. Lentinula edodes which is a kind of edible mushrooms belongs to 
basidiomycota. Mushrooms can be useful or harmful to human and other living 
things. Usually, edible and medical mushrooms are appreciated, investigated and 
cultivated (Teasar, 1994). 
Lentinula edodes (Berkeley) Pegler, Chinese name Xianggu and Japanese name 
Shiitake, species in phylum Basidiomyceota, order Agaricus, family Pleurotaceae 
(Hibbett and Vilgalys，1995). It is one of the most cultivated edible mushrooms with 
good taste, high nutrition and medical values. Due to its high value, it is worthwhile 
1 
to advance our understanding on L edodes especially its development. Many 
molecular approaches such as differential display, expressed sequence tags (ESTs), 
and r andom a rbitrary p rimed-PCR (PAP-PCR) h ave b een u sed t o i dentify fruiting 
genes expressed during fruiting body development of L. edodes. Also, 
two-hybrid-system has been used to determine genes function in L edodes. In my 
research, serial analysis of gene expression (SAGE) and cDNA microarray 
hybridization have been used to analyze gene expression profiles of Lentinula 
edodes (L. edodes) in different development stages and growth conditions. 
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1.2 Life cycle 
L. edodes is a heterothallic basidiomycete. There are two main types of mycelia 
in its life cycle including the infertile monokaryon and the fertile dikaryon (Kiies, 
2000). Fruiting is most regularly observed in the heterokaryon (Wessels. 1994). In L. 
edodes, the dikaryotic mycelium gives rise to form primordium followed by young 
fruiting body. The young fruiting body c ontinues to grow to mature fruiting body 
which produces basidiospores (Figure 1.1). 
L edodes basidiospores which contain genetically different haploid nuclei can 
germinate and generate recombinant monokaryotic mycelia. By hyphae fusions and 
exchange of nuclei, two compatible monokaryotic mycelia are mated. These 
anastomoses between the monokaryotic mycelia can give rise to dikaryotic mycelia 
which contain 2 genetically different nuclei in each hyphal compartment (Wessels, 
1994). During mitotic division of the two nuclei of dikaryons, a clamp connection is 
presented at each septum (Wessels, 1994). A hook cell appears on the hyphae near 
the two nuclei when a new cell is formed at the tip of the hyphae to provide a 
temporary location for one of the daughter nuclei. The hook cell continues to grow 
backwards and fuses with the penultimate cell to generate the clamp connection 
(Miles, 1993). 
Formation of fruiting body is the most complex developmental process in the 
life cycle of L. edodes. Fruiting-body development is initiated by an assay of many 
environmental signals such as temperature, light, and humidity. Dikaryotic mycelium 
gives rise to primordium. Mostly, primordium is formed when L. edodes is under 
* ^ 
stress and in search of new substrates. Hyphae from the vegetative mycelia aggregate 
to form primordium which is believed to be the first stage of fruiting-body 
development. Depending on the complex system of mating-type genes and other 
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genes such as PriA, infhA and uckl, primordium generates young fruiting body and 
grows into mature mushroom. 
The mature fruiting body contains stipe, cap and gills. The gills radiate outward 
from the stipe to the edge of the cap (Teasar，1994). On the surface of each gill are 
basidia. Inside the basida, the dikaryotic nuclei fused. After meiosis, four nuclei are 
distinguished to generate four genetically unique monokaryotic basidiosprores. in L 
edodes. After the cap has expanded, the veil ruptures and the basidiospores fall off 
the gills. The basidiospores will then germinate when they land on suitable 
environment. 
ycdc ^ ^ 
二 t r ! 彻 ： ^ ^ 
J^^ mycelium f J ！,—. ！  
< 减 ^ ^ 
O • • • \ • : • doling fruiting body 
O 售 •勢 ••權 •擎 mm 
Basidiojporcs ^^^fmmmm 
Mature mushroom 
Figure 1.1. The life cycle of L. edodes (Przybylowicz and Donoghue, 1988). 
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1.3 Nutritional value 
L. edodes contains high protein content, Crisan and Sands (1978) reported that 
about 13.4% to 17.5% of protein on dry weight basis and all nine essential amino 
acids for humans could be found in L edodes. The quantity and quality of protein in 
L. edodes was thought to be higher than that in com, turnips, potatoes, tomatoes and 
carrots (Royse and Schisler, 1980). Also, it contains 67.5% to 78.0% of 
carbohydrates on dry weight basis including pentoses, methyl pentoses, hexoses, 
disaccharides, amino sugars, sugar alcohol, and sugar acids (Crian and Sands, 1978). 
However, it only contains 4.9% to 8.0% of fats per dry weight. About 72% to 80% of 
the fats are unsaturated fatty acids (Huang et al., 1989). 
Moreover, L edodes is a good source of vitamins and minerals. It was reported 
that fresh L .edodes contains vitamin B1 (thiamine), vitamin B2 (riboflavin), niacin 
and ascorbic acid. The amount of vitamin D in L edodes will be increased after sun 
drying. L. edodes also contains potassium, calcium, phosphorus, sodium and iron 
(Crian and Sands, 1978; Buswell and Chang, 1993) 
1.4 Medicinal value 
Lentinula edodes is economically important because of its purported medicinal 
value. It was showed to be anti-tumor, anti-viral, anti-bacterial, anti-caries and has 
hemagglutinating (HA) activity, hypocholesterlaemic effect and immunopotentiating 
effect. 
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1.4.1 Antitumor ability 
Jiang (1999) investigated the activities of polysaccharide extracts from L. 
edodes and two other kinds of edible fungi, Agaricus bisporus and Flammulina 
velutipes, on the proliferation of human hepatoma SMMC-7721 cell and mouse 
implanted SI80 tumor. The polysaccharide extracts form the mushrooms could 
inhibit not only the cultured malignant cells in vitro but also implanted SI80 tumor 
in vivo, reveals the antitumor activity of L. edodes. The polysaccharide lentinan are 
extracted from L. edodes (Chihara et al, 1970; Taguchi and Iwai, 1974). Lentinan is 
a well-known antitumor polysaccharide, exerting prominent antitumor activity in 
murine allogeneic, syngeneic and autochthonous hosts (Chihara et aL, 1970; Zakany 
et aL, 1980; Suga et al., 1984). Besides, an effective nitrite trapping agent, 
thiazolidine-4-carboxylic acid (TCA), was found in boiled L. edodes and showed to 
prevent the formation of carcinogenic N-nitroso compounds (Kurashima et aL, 
1990). 
The antimutagenic effect of L edodes was evaluated on the frequency of 
micronuclei in mice treated with N-ethyl-N-nitrosourea (ENU) or cyclophosphamide 
(CP). It was suggested that L edodes might inhibit in vivo mutagenicity of ENU and 
CP (de Lima et al., 2001). 
1.4.2 Antimicrobial ability 
The antimicrobial activity of L edodes was tested against some common 
bacterial species and Candida albicans (Hatvani, 2001). L edodes was bacteriostatic 
against Streptococcus pyogenes. Staphylococcus aureus and Bacillus megaterium. It 
was suggested that L edodes has antibacterial activity might be due to lenthionine in 
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it. Lenthionine is an antibacterial and antifungal sulphur-containing compound. 
1.4.3 Hypocholesterolaemic effect 
L. edodes contains lentinan or eritadenine, these components was shown to have 
hypocholesterolaemic effect because of their ability of accelerating the conversion of 
low-density lipoproteins (LDLs) to high-density lipoproteins (HDLs) in liver. 
Besides, they can increase excretion of cholesterol in the feces (Chibata et al., 1969; 
Tensho et al., 1974; Tokuda et al., 1974; Tokuda and Kaneda, 1976). 
Cholesterol-lowering effects of fiber from Maitake (Grifola frondosa). Shiitake 
(L. edodes) and Enokitake {Flammulina velutipes) were investigated in rats 
(Fukushima et al.’ 2001). The results showed that the fecal cholesterol excretion in 
rats fed with shiitake fiber was enhanced. Also, cecal acetic acid, butyric acid and 
total short-chain fatty acid (SCFA) concentration were significantly higher in rats fed 
with shiitake fiber and Enokitake fiber than others. 
1.4.4 Anti-viral effect 
L edodes contains Lentinan and KS-2, these two components were found to 
have anti-viral ability. Lentinan is effective against Adenovirus type 12, Abelson 
virus and VSV-encephalitis virus. It prolongs the survival time or even curing these 
infections in animal models (Chihara, 1992). KS-2 can induce the production of 
interferon (Fujii, 1978). 
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1.4.5 Anticaries effects 
L. edodes extract showed an inhibitory effect on water-insoluble glucan 
formation from sucrose by crude glucosyltransferase of Streptococcus mutants JC-2 
and Streptococcus sobrinus OMZ-176 (Shouji et ai, 2000). It was suggested that the 
extract from L. edodes has the caries-inhibiting effect. 
1.6 Commercial value 
L. edodes is economically important not only due to its medical value but also 
its industrial value. It is used in biodeclorization, bioconversion, biodegradation, 
biosolubilization, biotransformation, and used as indicator of environmental 
contamination. 
1.6.1 Biodecolorization 
Ligninolytic enzymes activities and siderophores presence weremonitored to 
evaluate the decolorization ability of four selected fungi (Minussi et aL, 2001). L 
edodes has the greatest ability to decolorize a textile effluent and commercial 
reactive dyes in a solid medium. 
1.6.2 Bioconversion 
Zheng and Shetty (2000) found that beta-glucosidase produced by L. edodes 
could be used to hydrolyze glycosides in cranberry pomace during solid-state 
fermentation. After fermentation, phenolic aglycons can be released from cranberry 
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pomace. The phenolic aglycons are important sources of free phenolics that have 
many food uses such as antioxidants, flavorings, and nutraceuticals. L. edodes 
beta-glucosidase has potential applications in wine and juice processing for aroma 
and flavor enrichment through enzymatic hydrolysis of glucoside precursors (Zheng 
and Shetty, 2000) 
1.6.3 Biodegradation 
L. edodes was found to degrade lignin and olive-mill wastewater (OMW) 
(Crestinie广 a/.，1 998; D'Annibale " < 3 / . ， 1 998). The culturing o f L . edodes \sX\iQ 
largest wood bioconversion process in the world (Leatham, 1985). On behalf of a 
white rot fungus that decays for nutrients all the major polymers (cellulose, 
hemicellulose, and lignin) found in wood lignocellulose, L. edodes produces various 
enzymes against lignocellulosic biomass (Lee et al., 2001). Nowadays, more and 
more renewable resources have been used in manufacturing processes so the 
degradation of lignocellulosic biomass to commercially useful feedstocks is 
receiving much interest (Lee et al., 2001). 
L. edodes was shown effectively degrading pentachlorophenol (PCP), 
therefore some research were done to investigate the influences of temperature, soil 
potential, initial pH and solid substrate cultures on the biotransformation of PCP by 
L. edodes (Okeke et al., 1996; Okeke et al, 1997). 
Furthermore, the polyurethane-immobilized mycelium of L. edodes was used 
for biodegradation of OMW (D'Annibale et al., 1998). It is found that total organic 
carbon, phenols and ortho-diphenol in OMW were dramatically reduced. Besides, 
effluent was found decolorized. 
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1.6.4 Indicator 
Shimizu and Anzai (2001) suggested that L edodes can be used as an inductor 
of environmental contamination. They collected L edodes grown on wood in 38 
prefectures form north to south and measured the concentration of radioactive 
cesium (137Cs) in L. edodes, it is found that 137Cs concentration in L. edodes was 
positively correlated to those in rain and dry fallout. 
1.7 Cultivation 
We would always like to increase the yield of L. edodes and lower the 
production costs. However, there are many problems and parameters we have to 
solve and consider for the large-scale cultivation of L. edodes. There are many 
studies investigating the cultivation methods of L. edodes, including physiological 
and molecular studies. Many parameters were evaluated such as temperature, light, 
cultivation substrate, and contamination by other organisms. 
The logs on which L edodes was cultivated were sometimes contaminated by 
, competing micro-organisms such as Trichoderma spp. Trichoderma enzymes for the 
degradation of fungal cell walls (N-acetyl-beta-glucosaminidase and laminarinase) 
were induced by inactive L. edodes mycelia in liquid culture (Hatvani et ai, 2002). 
The changes in activity of extracellular enzymes of L edodes and Trichoderma 
strains were examined such as laccase and N-acetyl-beta-glucosaminidase. Some 
enzymes were induced and some were inhibited, indicating the important roles of the 
enzymes in antagonistic interaction between the two species and this knowledge 
about the mechanism of the competition may be relevant to the cultivation problem 
during large-scale cultivation of L edodes (Hatvani et al., 2002). 
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A more uniform soaking process of synthetic logs for L. edodes was 
vacuum-soaking of wood chip shiitake logs (Royse et cd., 2002). Having compared 
the vacuum-soaked and regular-soaked synthetic logs the soak time, it is found that 
vacuum-soaked logs reduced soak time and log weight variability so as to stimulate 
mushroom yield. 
In order to determine the influence of environmental parameters such as 
temperature and the cultivation substrates on mycelial linear growth of L edodes, 
Pleurotus ostreatus, P. eryngii, P. Pulmonarius, and Agrocybe aegerita. Different 
species were inoculated in several conditions and the growth situations of the species 
were examined. Wheat straw was the most suitable substrate for L. edodes and the 
optimal temperature for the growth of I . edodes was 20°C or 30°C depending on the 
strains (Zervakis et al.’ 2001). 
The influence of substrate wood-chip particle size on L. edodes yield was also 
examined (Royse et al., 2001). Using 10 US standard sieves to assess particle size 
distributions, 4 particle size classes of wood chips were selected for mushroom 
growth. It is found that smaller the particle size the lower the mushroom yield. This 
profiling may be helpful for the growers to optimize their production media and 
reduce the production cost. 
1.8 Content 
There are many studies investigating the components of L edodes so as to 
perform a taxonomic study or a nutritional study. Pizzoferrato and his colleagues 
(2000) used the solid-state (13)C CP MAS NMR technique to monitoring the 
chemical composition in the solid state of different mushroom species including L 
edodes. Two new sterols, (22E)-23-methylergosta-5,7,22-trien-beta-ol and 
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5alpha,6alpha-epoxy-(22E)-ergosta-8,14,22-triene-3beta,7alpha-diol were isolated 
from L edodes and Tricholoma matsutake (Ohnuma et al, 2000). Shida and his 
colleagues (1975) reported the chemical structure of a heterogalactan. The 
heterogalactan was isolated from the trichoracetic acid extract of the fruit bodies of L. 
edodes. 
Lipid composition from fruiting bodies and submerged mycelium of L. edodes 
were analyzed and compared (Feofilova et al, 1998). In the study, fatty acids were 
characterized by a high level of C16:0 and the presence of C16:l in L. edodes. It was 
revealed that neutral lipids of L. edodes have a high monoglyceride and free fatty 
acid content and a low triglyceride level. Also, the main L. edodes phospholipids are 
phosphatidylethanolamine and cardiolipin. Besides, lipid content in submerged 
mycelium was about 16% more than that in fruiting bodies. Apart from this study, 
basidiolipids (glycoinositolphosphosphingolipids) of six mushroom species 
including L edodes were isolated and their chemical structures investigated 
(Jennemann et al., 2001). 
1.9 Transformation 
The genetic and molecular properties of L. edodes are very important in 
transformation system. An effective transformation system for L. edodes has been 
developed for the studies of functions ofL. edodes genes. 
A recombinant hygromycin B phosphotransferase gene {hph) fused with the 
glyceraldehydes-3-posphate dehydrogenase expression signals were used to create a 
stable and integrative transformation of the fungus to hygromycin B resistance (Irie 
et al., 2001). It is also reported that using the restriction-enzyme-mediated 
integration (REMI) could increase the transformation efficiency (Sato et al., 1998; 
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Irie et al., 2001). The recombinant plasmid pLCl-hph, which contains the L edodes 
transcriptional signals and an Escherichia coli hygromycin B phosphotransferase 
gene were used in REMI method. Southern blot analysis of the 5p/2l-derived 
transformants suggested that 50% of the plasmid integrations were REMI events 
(Sato et al, 1998). 
In order to overcome the natural barriers of incompatibility in basidiomycetes, 
heterokaryotic nuclear hybrids were generated for transformation of nuclei from L. 
edodes into protoplasts of Coriolus versicolor (Kim et al., 2000). Another study was 
on protoplast fusion between L. edodes and Ganoderma lucidum (Bok et al., 1994). 
The promoter of glyceraldehydes-3-phosphate dehydrogenase (GPD) gene of L. 
edodes is a very useful component of transformation vectors (Hirano et al., 1999; 
Hirano et al., 2000). GPD gene was isolated from a genomic DNA library and cDNA 
corresponding to this gene was isolated from a mycelium cDNA library of L. edodes. 
Southern blot analysis showed that only one copy of the GPD gene was present in 
the genome of L. edodes and the transcript of the GPD gene was expressed 
constitutively and strongly. As a result, it is suggested that the promoter was very 
useful for transformation (Hirano et al., 1999). Moreover, another recombinant 
plasmid, pLG-hph, was constructed for high-level expression of heterologous gene in 
L edodes. This plasmid was constructed with L. edodes GPD promoter and a 
hygromycin B phosphotransferase gene {hph) derived from E. coli (Hirano et al” 
2000). • 
Besides, a transformation was success when the plasmid containing L. edodes 
ras gene promoter and priA gene terminator. A plasmid pLC-bar containing the 
bialaphos resistance gene derived from Streptomyces hygroscopicus between the L 
edodes ras gene promoter and priA gene terminator was constructed and mixed with 
protoplasts of Pleurotus ostreatus. Bialaphos-resistance colonies were obtained and 
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indicated the successful transformation. Then, co-transformation was processed. A 
plasmid pLC-GUS containing the Escherichia coli beta-glucuronidase (GUS) gene 
between the L. edodes ras gene promoter and priA gene terminator was constructed 
and also introduced into the protoplasts of P. ostreatus with the pLC-bar plasmid. 
From the result of Southern blot analysis, co-transformation was also succeeded 
(Yanai et aL, 1996). 
1.10 Gene regulation for growth and fruiting body development 
A mushroom is made up of dense-packed hyphae. The entire mass of 
underground or on the ground hyphae is called mycelium. In response to several 
external stimuli such as light, temperature and depletion of nutrients, mycelium 
grows above the ground to form fruiting body (Matthews and Niederpruem, 1972; 
reviewed by Moore," 1998; Kues, 2000; Boulianne et aL, 2000). The haploid 
Basidiospores germinate to form primary mycelia (monokaryon), and then the 
compatible primary mycelia mate to generate the dikaryotic mycelium (Boulianne et 
aL, 2000). Fruiting body, the part that we consume, is adaptations for aerial 
dissemination of meiospores by assimilative mycelia (Wessels, 1994). Changing 
mycelium to primordium is a critical and complex developmental process for fruiting 
body formation. For this reason, molecular studies on the mechanism of the 
changing of mycelium to primordium would be important to understand the fruiting 
body formation of mushroom. 
Many studies have been done to understand the mechanism of fruiting. Wessels 
(1994) has revealed the development of fruit bodies in Homobasidiomycetes. Kiies 
(2000) has reported the life history and developmental process in the Basidiomycete 
Coprinus cinereus. M oreover, 477 E STs were generated from two cDNA1 ibraries 
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from tissues isolated from primordial and basidiomes of Agaricus bisporus. These 
ESTs were classified to reveal genes involved in mushroom development 
(Ospina-Giraldo et aL, 2000). It was found that two fungal galectius, Cgll and Cgl2, 
are differentially regulated during fruiting body formation of Coprinus cinereus 
(Bouliaiine et al., 2000). 
Recently, not only molecular studies but also protein analysis has been done to 
advance our knowledge about fruiting such as investigating the pattem of protein 
expression in the monokaryons and the derived dikaryon of the basidiomycetes 
Flammulina velutipes (Sakamoto et aL, 2001). Sakamoto et al. (2001) also reported 
the influence of temperature on the fruiting body induction of Flummulina velutipes 
through investigating the protein expression. 
For Lentinula edodes {L. edodes), several genes, priA’ priB, mfbA, uckl, 
Le.rnrlc etc., were found differentially expressed in different developmental stages. 
These genes are important for understanding the mechanism of growing and fruiting 
in L. edodes. The developmentally regulated gene priA gene has high expression 
level in primordial/immature fruiting bodies and low in pre-primordial mycelia and 
mature fruiting body. Since the priA gene encodes a putative DNA — binding 
transcription factor, it may play a regulatory role during the initiation of fruiting 
(Kajiware et al., 1992). 
The transcripts of priB are abundant in primordium and low in pre-primordial 
mycelia and mature fruiting bodies. The deduced priB protein contains a Zn(II)2 Cys 
6 zinc cluster DNA - binding motif (Vallee et al., 1991; Kraulis et aL, 1992) and a 
possible leucine zipper domain (Landschultz et al, 1988)，indicating that PRIB is a 
DNA — binding protein and may control expression of gene(s) related to the onset of 
fruiting or primordium formation in L. edodes (Endo et al., 1994). 
A fruiting body specific cDNA, mfbAc, was isolated from L. edodes. It is a 
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high-molecular-weighl cell-adhesion protein containing an Arg-Gly-Asp (RGD) 
motif (Kondoh et al., 1995). Kondoh reported that the mfbA gene may have a role in 
the maturation/formation of the fruiting body but not in the early stages of fruiting 
and vegetative mycelium. The mfbA alleles of I . edodes were analyzed (Yasuda and 
Shishido, 1999). It was found that each L. edodes strain has two types of mfbA 
homologues. In L edodes FMC2, two mfbA homologues were derived from different 
nuclei and these alleles are transcribed with similar frequencies in the fruiting 
bodies. 
A homologue of Saccharomyces cerevisae URA6 gene, uckl, was cloned, 
sequenced and expression analyzed in L. edodes. This gene encodes UMP-CMP 
kinase. Northem-blot analysis shows that the expression level of uckl is high in the 
gill tissue of mature fruiting bodies ofL. edodes, suggesting that it may play a role in 
the formation of Basidiospores that occur in the gill tissue (Kaneko et al., 1998). 
Some genes was shown to be very important for growth of L. edodes, cel7A, 
cel6B and MnPl. A manganese peroxidase purified from L. edodes was characterized 
and N-terminal amino acid sequenced (Forrester et al., 1990). By using N-terminal 
amino acid sequencing, a gene MnPl showed high sequence similarity with 
manganese peroxidase. Besides, it was suggested that MnPl could oxidize lignin and 
lignin-model compounds in the presence of manganese and H2O2. 
The primary structure and amino acid sequence of a nuclease (nuclease Lei) 
was analyzed so as to obtain the basic information on the mechanism of production 
of 5，-GMR It is believed that the L. edodes fruit bodies produce nuclease Lei and 
Le3, both are candidates for the enzymes producing the flavor substance, 5'-GMP 
(Kobayashi et al., 2000). 
When priA gene is over-expressed in L edodes monokaryotic cells, a 
remarkably decreased accumulation of zinc ion is exhibited, indicating that priA 
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gene was involved in regulation of the intracellular zinc concentration (Ishizaki and 
Shishido, 2000). 
Two cellulose genes cell A and cel6B were cloned from L. edodes using a 
PCR-based strategy employing degenerate primers directed at the cellulose-binding 
domain (Lee et al., 2001). It is demonstrated that transcript levels of these genes 
were positively correlated to L edodes growth in the presence of crystalline 
cellulose. 
By using competitive RT-PCR, Ohga and Royse (2001) reported the 
transcriptional regulation of laccase and cellulase genes during growth and fruiting 
of L. edodes on supplemented sawdust. They found that the level of laccase 
transcripts was maximal during mycelial growth and sharply decreased at fruiting. 
On the contrary, the cellulase transcript level was maximal during fruiting body 
development. Gene expressions for laccase and cellulase were triggered by 
microclimatic changes especially at lower temperature and osmotic pressure (Ohga 
and Royse, 2001). 
Kaneko and his colleagues (1998) have isolated the uckl gene encoding 
UMP-CMP kinase from L. edodes. The gene is shown actively transcribed in 
hymenophores of mature fruiting bodies of L edodes. Recently isolated the L 
edodes ribonucleotide reductase small subunit cDNA and analyzed the expression of 
a corresponding gene. The cDNA which was named Le.rnrlc was found also 
actively transcribed in hymenophores of mature fruiting body of L edodes. It was 
suggested that Le.rnrl (and uckl gene) play a role mainly in the nucleotide 
biosynthesis essential for production of basidiospores and for divergence of trama 
cells into subhymenium cells in the hymenophore (Kaneko and Shishido, 2001). 
In our laboratory, several genes were found differentially expressed in different 
developmental stages of L. edodes were isolated and characterized such as p-MPP, 
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Iac2, glal’ Le.hydl and Le.hyd2. 
The gene encoding the beta subunit of mitochondrial processing peptidase 
(p-MPP) was isolated, cloned and characterized from L. edodes. The gene expression 
is abundant during the development of the fruiting bodies and it is suggested that 
higher mitochondrial activities is required for the energy demand during rapid 
growth of the fruiting bodies (Zhang et al., 1998). 
Laccase production was affected by different substrates and developmental 
stages in L. edodes were studied by using competitive PCR (Zhao and Kwan, 1999). 
Two genomic DNA sequences representing allelic variants of L edodes lad gene 
and a second laccase gene {lac2) were isolated and characterized. Competitive 
RT-PCR, showed that the gene expression of lad and lac2 was different under 
various conditions, suggesting that laccases may be important in the morphogenesis 
of L. edodes. 
Starch is available for fungi growing on plants or plant residues. A complex of 
enzymes including glucoamylase is important in the utilization of starchby fungi 
(Zhao et ai, 2000). Glucoamylase-encoding genes were cloned from several fungi 
including Neurospora crassa (Stone et al., 1993). Glucoamylase gene (glal) from L. 
edodes was also cloned and characterized. The glal gene expression levels in L 
edodes grown on variety of substrates and in various developmental stages were 
analyzed (Zhao et al., 2000). It was found that the expression of glal was induced by 
starch and increased during fruiting body formation. 
RNA fingerprinting by arbitrarily primed PCR (RAP-PCR) was used to isolate 
33 RAP fragments which are differentially expressed during different developmental 
stages of L edodes (Leung et al, 2000). Thirteen RAP fragments showed high 
homology to known gene products including cyclin B, mitogne-activated protein 
kinase, Cdc39/Notl, PriA, Jun-D, ubiquitin, etc. Differential expressions of these 
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genes suggest their contributions in L. edodes development and new directions for 
molecular studies on mechanisms of mushrooms development. 
Hydrophobins are essential for morphogenesis and p athogenesis in fungi and 
fruiting body development in mushrooms (Kershaw and Talbot, 1998). 
Hydrophobin-encoding genes were isolated from several mushrooms including 
Schizophyllum commune, Agaricus hisporus and Pleurotus ostreatus. Their 
expressions are developmentally regulated. Two hydrophobin-encoding genes 
(Le.hydl and Le.hyd2) were isolated from L. edodes and shown to be differentially 
expressed in different developmental stages (Ng et al, 2001). The transcript level of 
Le.hydl was higher in primordium and that of Le.hydl was higher in dikaryotic 
mycelium. These two L. edodes hydrophobins may have distinct roles in fruiting of L. 
edodes. 
1.11 Serial Analysis of Gene Expression 
1.11.1 Introduction 
In the past, we would like to study the characteristics of a cell or an organism 
independently in order to obtain a brief concept about biology. However, it is found 
that any biological event in a cell or an organism is affected by particular conditions 
and time in its life-cycle. It is better to advance our knowledge by examining the 
dynamics functions of the cell and organism. So we use the genome sequencing and 
high-throughput measurement to collect comprehensive data sets on system 
performance. Information is obtained on the underlying molecule associated with 
bioinformatic techniques to analyze and present data in readily accessible formats 
(Hiroaki，2002). 
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All cells in an organism contain all DNA necessary to express every gene. 
However, only a relatively small amount of these genes are expressed at the same 
time in a particular cell types, we called them transcriptome. Having compared with 
the transcriptome of any interested samples in different conditions such as 
developmental stages, environments or diseased and healthy individuals, we can 
identify specific or abundant gene transcripts. 
There are much observations showed that the protein amount is directly related 
on the amount of mRNA that encodes it. Although we can understand the cellular 
function under certain conditions by measuring the quantity of the mRNAs, it is hard 
to determine them when the number of the mRNA molecules within each cell is up 
to half a million (Yamamoto et al., 2001). 
Several techniques are used to identify the differentially expressed genes, are 
identified by several methods, for example, differential display (Liang and Pardee, 
1992; Welsh et al., 1992) and subtractive hybridization (Kavathas et al.’ 1984: 
Hubank and Schatz, 1994). To identify the unknown gene expressed in the given 
cells ortissue, EST (Adams etal.,\ 991) was used for 1 arge scale random cDNA 
sequencing. But these approaches are laborious and time-consuming, only a small 
subset of transcriptome can be studied. This limitation for studies of transcriptomes 
can be overcome by more recent approaches such as serial analysis of gene 
expression (SAGE) (Velculescu et a /.，1995), D NA m icroarray u sing i mmobilized 
cDNA (Schena et al, 1995) or oligonucleotides (Lockhart et al” 1996). 
The SAGE method was first proposed by Velculescu et al (1995). Up-to-date, 
there have been more than 600 published papers using the SAGE techniques or 
databases. The SAGE method allows simultaneous comparative and quantitative 
analysis of the level of transcripts. It can not only provide a global gene expression 
profile of a particular type of cell or tissue, but also identify a set of specific genes to 
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the cellular conditions by comparing with the profiles constructed for a pair of cells 
that are kept at different conditions (Yamamoto et aL, 2001). 
As we would like to identify the high abundance tags or differentially expressed 
tags, these tags will be matched to the expressed sequence tags. Unknown tags can 
be generated into longer cDNA for cloning and sequencing by generation of longer 
cDNA fragment from SAGE tags for gene identification (GLGI) method (Chen et aL, 
1999). In this section, I will present the principle and procedure of SAGE, 
applications of SAGE, technological difficulties and modification of the method to 
solve those problems. 
1.11.2 Principles 
SAGE is based on 3 principles: 
1. 9 to 14bp short sequence tags are obtained from a defined region within each 
transcript that contains sufficient information to identify a transcript uniquely. 
2. Tags are ligated together to form a concatemer, which is a long DNA sequence 
and can be cloned for sequencing. Sequence of the concatemer clones results in 
the identification of individual tags. 
3. Using SAGE™ Analysis Software (version B) (Invitrogen) to analyze the 
expression level of the transcript by counting the number of copies of a particular 
tag. 
The procedure of SAGE is briefly described in figure 1.2. 
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11. Sequencing and computer analysis 
Figure 1.2. The procedures of the SAGE technology. (Velculescu et al., 1995) 
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1.11.3 SAGE Application in Cancer and Immunology Studies 
Usage of the SAGE is very important to the development of diagnosis and 
therapeutics. 50% of published papers have been about clinical investigation, 
including comparison of the gene expression profiles derived from the cancer cells 
and normal cells, identifying the molecular markers of different cancer types or 
better understanding the pathways involved in tumorigenesis. The investigations 
provide new targets for early and effective intervention. 
There are several types of cancers that have been studied by SAGE, they are 
colorectal cancer cell (Polyak et al., 1997), colon tumor (Zhang et al, 1997), lung 
cancer (Hibi et al, 1998), ovarian cancer (Hough et al, 2000)，thyroid tumors 
(Takano et al； 2000), hepatocellualr cancinoma (Yamashita et al., 2001)，prostate 
cancer (Waghray et al., 2001), breast cancer (Mitas et al” 2002), and pancreatic 
cancer (Ryu et al., 2002). Some of the studies used SAGE to compare the gene 
expression profiles of cells or tissues before and after medical treatment to see 
whether the treatment was practicable such as treatment of glioblastoma (Ikenaka et 
fl/” 2001) or drug resistant research on detecting changes in RNA transcription in 
drug-resistant tumors (Duan et al, 2000). Some studied the differentially expressed 
genes of genetic diseases e.g. bipolar disorder (Sun et al, 2001) or diseases caused 
by various biological effects such as 2,3,7,8-tertrachlorodibenzo-p-dioxin (TCDD), 
which is one of the most toxic environmental pollutants (Kurachi et al, 2002). 
Moreover, SAGE analysis has been applied in some immunological studies. 
Some are related to transplantation, for example, using the SAGE to confirm the 
A州 
function of CD4(+)CD25(+) and CD4(+)CD25(-) regulatory cells in the regulation 
of both self-tolerance and transplantation tolerance (Graca et al, 2002), T cell 
immune responses for melanoma cell and melanocytes in cancer and autoimmunity 
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(Kawakami et aL, 2000). 
1.11.4 Improvement of SAGE 
The other 50% of papers of SAGE were about modifications of the SAGE 
technique, overviews of the SAGE on molecular technology and bioinformatics and 
the generation of transcriptome of different tissues or species. 
SAGE is powerful but still has several technical problems that dramatically limit 
the success of SAGE library generation. In the original protocol, a relatively large 
amount of starting material of total RNA is required. However RNA is difficult to be 
extracted from some small or specific samples. To solve this problem, MicroSAGE 
(Datson et al., 1999), SAGE-Lite (Peter et al” 1999) for the global analysis of gene 
expression in extremely small quantity of tissue or cultured cells and mini SAGE (Ye 
et al., 2000) were reported to decrease the amount of starting material of total RNA. 
In addition, there is great loss of tags and ditags after gel purification. The 
amount of tags and ditags for the c oncatemer formation by modifying some steps 
such as improvement of Ma///digestion (Angelastro et al., 2000) and generation of 
high quantity and quality tag or ditags cDNA (Lee et al., 2001). 
Also, the efficiency of tags collection is low because of the small average size of 
concatemers. The concatemer sizes can be increased by adding a heating step to the 
original protocol (Kenzelmann et al” 1999) or modifying cloning by using 
biotinylated PGR primers to generate biotinylated linkers at the early stage of SAGE 
protocol (Powell, 2000) or adding a blue-white selection step (Angelastro et al” 
2002). 
Some interesting SAGE tags (9 to 13bp) cannot be matched with the databases 
because these unknown tags are too short for gene identification. A technique called 
23 Ch.l Literature Review 
the generation of longer cDNA fragments from SAGE tags for gene identification 
(GLGI) (Chen et al； 1999) was developed to handle this technical problem. Recently, 
SAGE/GLGI has been used in more and more studies e.g. to analyze the gene 
expression pattern in human stem/ progenitor cells (Zhou et al., 2001) and to 
understand the gene expression in mouse myeloid progenitor cells (Chen et al., 
2001). 
Tools have been developed to link SAGE to molecular technology and 
bioinformatics, for example, eSAGE (Margulies; Innis, 2000), for managing and 
analyzing data generated by SAGE, Expression profile viewer (ExProView), a 
software tool for transcriptome analysis (Larsson et al., 2000), and detecting the 
sequencing errors on SAGE data (Colinge and Feger, 2001). 
Transcriptome of different tissues or species have been generated, for example, 
yeast (Velculescu et al, 1997)，rice (Matsumura et al., 1999), endothelium 
(Huminiecki; Bicknell, 2000)，rat hippocampus (Datson et al., 2001), Plasmodium 
falciparum (Patankar et al,’ 2001), lignifying xylem from pine (Lorenz et al., 2002) 
and kidney (Virion et al” 1999; Schelling et al, 2002). Besides, the SAGE method 
was applied on searching the differentially expressed genes o f different tissues or 
species for example comparing the mouse forelimb with the mouse hindlimb 
(Margulies et al., 2001). 
1.11.5 Bioinformatics 
Information obtained from the huge amount of SAGE data is very useful that 
once a SAGE library of a sample is generated e.g. yeast, database of the SAGE tags 
is helpful to all studies on yeast. As a result, it is necessary to process the data in a 
systematic method for analysis, comparison and classification. There are many 
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useful databases and resources on the Internet for SAGE data analyses (Table 1.1). 
Table 1.1. SAGE databases and resources available over the Internet 
Database site Web address SAGE data Resources 
NCBI/CGAP www.ncbi.nlm.nib.gov/SAGE Brain, Mappings of tag to 
fibroblast, gene and gene to tag, 





Johns Hopkins www.sagenet.org Colon, Protocols of SAGE 
Oncology pancreas, and micoSAGE, 
Center fibroblast, yeast software, references 
Saccharomyces http://genome-www.stanford.edu/cgi- Yeast Gene to tag mapping, 
Genome bin/SGD/SAGE/queryS AGE gene sequence 
Database analysis 
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Table 1.1-continued 
CEA Saclay www.dsv.cea.fr/thema/get/sade.html Kidney, Adaptation of SAGE 
microdissected protocol for | 
I 





University of www.unnc.rochester.edu/smd/crc/ Skeletal muscle 
Rochester 
swindex.html 
University of www.prevent.m.u-tokyo.ac.jp/SAGE. Dendritic cells, 
Tokyo html macrophages, 
monocytes, 
, liver 
Compugen www.labonweb.com Variety of Gene to tag mapping, 
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1.12 DNA Microarray 
1.12.1 Introduction 
It is mentioned above (1.11.1) that if we want to understand the cellular 
function under a certain condition by measuring the quantity of the mRNAs, we have 
to determine up to half a million mRNA transcript copes within each cell (Yamamoto 
et al., 2001) that demands a high-throughput technique. Besides the SAGE method, 
DNA Microarray is commonly used to study functional genomics because of its 
miniaturization, automation and parallelism power. The Microarray allows 
large-scale and genome-wide acquisition of quantitative biological information from 
multiple samples. The main limitation of Microarray is the necessary of prior 
information of the genes being analyzed. Genomes of many samples have been fully 
or partially sequenced such as human, Drosophila and various species of plants and 
microorganisms. Furthermore, it provides a systematic way to survey DNA and RNA 
variation and seems to become a standard tool of both molecular biology research 
and clinical diagnostics. 
The Microarray technology is similar to the method 'dot-blot hybridization'. 
The main feature of Microarray is the use of impermeable, rigid glass that increases 
the rate of hybridization. Two main sources of probes for DNA Microarray are in situ 
synthesis of oligonucleotides ('oligonucleotide microarrays') or deposition of 
pre-synthesized DNA fragments ('cDNA microarrays') (Aharoni and Vorst，2001). 
There are two key innovations of Microarray technologies. Firstly, non-porous 
solid supports such as glass, which has facilitated miniaturization and 
fluorescence-based detection, are used. About 10,000 cDNAs can be robotically 
spotted onto a microscope slide and hybridized with a double-labelled probe; second, 
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methods for high-density spatial synthesis of oligonucleotides are available (Lander, 
1999). 
1.12.2 Application 
1. The main large-scale application is comparative expression analysis, i.e. to 
facilitate the measurement ofRNA levels for the complete set of transcripts 
of an organism. (Collins, 1999) 
2. The analysis of DNA variation on a genome-wide scale, i.e. to determine 
alleles at hundreds to thousands of loci from hundreds of DNA samples and 
the genetic contribution to complex polygenic disorders. (Collins, 1999) 
3. Application on mutation screening of disease genes with pronounced allelic 
heterogeneity so as to move the possibility of genetic testing for disease 
susceptibility of individuals or population into the realm of practical reality. 
(Collins, 1999) 
4. Others: 
i) Characterization of molecular interaction 
ii) Discovery of effective anti-sense reagents 
1.12.3 Method of cDNA Microarray (Duggan et aL, 1999) 
cDNA Microarray was used in this study. First, probes to be printed on the array 
are chosen from databases including GenBank (Benson et al” 1997), db EST 
(Boguski et al.，1993)，UniGene (Schuler et aL, 1996) or randomly chosen cDNAs 
from any library of interest. Full-length cDNAs or partially sequenced cDNAs (or 
E S T S ) can be used. Second, these cDNAs have been amplified and purified before 
28 Ch.l Literature Review 
they are spotted by a robot onto a microscope slide. DNA is cross-linked to the 
matrix on slide by ultraviolet irradiation. After fixation, the microscope slide with 
chosen DNA is stored at room temperature in dark for use. 
Target labeling and hybridization follow. Two pools of total RNA are extracted 
from samples for gene expression profile comparison. They are firstly reverse 
transcripted from an oligo-dT primer to produce a labeled product from the 3’ end of 
the gene w hich complement to immobilized targets synthesized from ESTs. Then, 
the reverse transcriptases are labeled by Cye3-dUTP and Cye5-dUTP which are 
frequently paired. After target labeling, the targets are hybridized to the DNA on 
microscope slide. Finally, the slide is scanned to obtain the image of genes 
abundances for analysis and then data will be extracted for management and mining. 
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Chapter 2 Serial Analysis of Gene Expression in mycelium and primordium 
of L. edodes 
2.1 Introduction 
Serial Analysis of Gene Expression (SAGE) technology is commonly applied 
on determining gene expression profile of tissues of cell lines under various 
extracellular stimuli or different phenotypic changes caused from genetic mutations 
(Angelastro et al., 2000). The SAGE method has been used in many medical studies 
its comprehensive data analysis. 
Molecular studies of L. edodes have been steadily processed. Many genes 
responsible for fruiting have been isolated and analyzed, including Le.ras (Hori et al,, 
1991), PriA (Kajiwara et al., 1992)，PriBc (Endo et al” 1994), mfbAc (Kondoh et al., 
1995)，lad and lac2 (Zhao and Kwan, 1999) and GPD (Hirano et al” 1999). 
Moreover the EST technology has been used to identify genes fragments and to find 
full length cDNA sequence of some interesting genes fragments in primordium of L 
edodes (Ng et al., 2001). However, there is not an extensive gene expression profile 
of L. edodes. 
SAGE (Velculescu et al., 1995) and the cDNA microarrays (Aharoni and Vorst, 
2001) technologies can provide the gene expression profile of any model organisms. 
Compared with Microarray, the SAGE method does not depend on prior knowledge 
of genes identities. Also, it can provide an enumerated and comprehensive profiling 
of expressed gene in L edodes. SAGE was used to generate SAGE libraries of L 
edodes at two developmental stages, mycelium and primordium, in order to identify 
the differentially expressed genes. 
SAGE libraries from mycelium and primordium stages were generated. Then, 
all SAGE tags were collected and analyzed by the SAGE^"^ analysis software 
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(Invitrogen). Total 6844 tags were collected after the concatemers had been analyzed 
by the software. 3449 tags were obtained from primordium SAGE library as well as 
3503 tags were obtained from mycelium SAGE library. Within a total of 6952 tags, 
about 1000 tags matched the 400 ESTs databases generated from primordial stage of 
L. edodes. Despite, the cellular roles of these matched tags were annotated with the 
Expressed Gene Anatomy Database (EGAD). It is revealed that different 
developmental stages contain different groups of expression genes. However, since 
the ESTs database was generated from primordial stages of L. edodes, it is found that 
more SAGE tags obtained from the primordium SAGE library c an be m atched to 
ESTs than those the mycelium SAGE library. 
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2.2 Materials and Methods 
2.2.1 Mushroom cultivation and RNA extraction 
Lentinula edodes strain L54 was cultivated on sawdust compost (80% of dry 
sawdust, 20% of dry wheat bran) at 25°C for months for mycelium growth then 
incubated in 4°C for weeks for primordium growth. RNA was extracted after 
mycelium had been incubated in 25°C for a month and 4 day in order to obtain 
earlier stage mycelium. 
Total RNA was isolated from mycelium or primordium by using TRI Reagent® 
(Molecular Research Center, Inc.). All instruments including latex gloves and pipette 
tips for handling reagents and RNA samples were free from RNase contamination, 
reagents were treated by DEPC and spatula, pestle and mortar were baked at 180°C 
overnight and pre-chilled -20°C before used. Samples were freshly cut off from 
sawdust and immediately transfer into the cooled mortar soaked with liquid nitrogen 
for fast frozen. The frozen samples were ruptured to fine powder by grinding with 
pestle, and then about 50-1 OOmg of sample power was added into 1.5ml Eppendorf 
RNase free tube with a spatula. 1ml of TRI Reagent® was slowly added into the tube 
for homogenization. The homogenates were kept at room temperature for 5 minutes 
to permit the dissociation of nucleoprotein complexes followed by cool 
centrifugation at 12,000 x g for 10 minutes at 4°C. Secondly, the supernatant was 
transferred into new RNase free tubes and 0.2ml of chloroform was added into 
homogenates. The mixture was sharked vigorously for 15 seconds and then kept at 
room temperature for 1 5 minutes followedbyeentrifugation a1 1 2,000 x g for 1 5 
minutes at 4°C for phase separation. After centrifugation, RNA remained exclusively 
in the top aqueous phase whereas DNA and proteins were in the inter-phase and 
bottom organic phase respectively. The aqueous phase containing RNA was 
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transferred into a new RNase free tube and mixed with 0.25ml of isopropanol and 
0.25ml of high salt solution (0.8M sodium citrate and 1.2M sodium chloride) at 
room temperature for 10 minutes followed by centrifugation at 12,000 x g for 8 
minutes at 4°C for RNA precipitation. Then, supernatant was discarded and the RNA 
pellet was washed by mixing 1ml 70% ethanol with vortex and then centrifuged at 
7500 X g for 5 minutes at 4°C. The RNA pellet was air dry for 5-10 minutes and then 
dissolved into 20|il of DEPC-treated water by incubating at 60°C water bath for 10 
minutes. RNA was stored at -70°C before further experiment. 
2.2.2 RNA Quality Estimation . 
High quality of RNA was needed to start Serial Analysis of Gene Expression 
(SAGE), the integrity and purity of RNA should be checked before starting. 1 [d of 
RNA sample was diluted 500 times with DEPC-H2O and checked by 
spectrophotometer (GeneQuant). The sample was chosen only if its absorbance ratio 
OD260/OD280 was 1.9 士 0.1. According to the concentration reading obtained from 
the spectrometer, 500ng of the sample was analyzed by denaturing gel 
electrophoresis to rule out degradation of the RNA sample or DNA contamination. 
For preparation, the plastic wares used in gel electrophoresis (gel tank, casting tray, 
and comb) were soaked in 3% hydrogen peroxide (H2O2) for at least SOmins then 
rinsed with DEPC-H2O. 0.4g agarose was added into 38.8ml DEPC-treated water 
and heated by oven to dissolve. Then, gel were cooled to 60°C and mixed with 4 ml 
lOX MOPS running buffer (0.2M MOPS, IM sodium acetate, 0.02M EDTA, pH 7) 
and 3ml 37% formaldehyde. After gentlymixing, gel waspoured into thetreated 
casting tray immediately for solidification. To prepare loading sample and marker, 
4-6|ig RNA (samples and 9.5kb RNA ladder (GibcoBRL)) was mixed well with IX 
MOPS, 50% formamide, 6.66% formaldehyde, O.S^g ethidium bromide and 6X 
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RNA loading buffer. Then, RNA was denatured by incubated at 55°C for 20mins 
followed by chilled on ice for at least Imin and loaded to denaturing gel. The gel 
was placed in treated gel tank containing IX MOPS with IX RNA TBE running 
buffer (Tris base, boric acid and 0.5M EDTA, pH2.0) and pre-run at 5V/cm for 
3mins before sample loaded and then run at 3V/cm until the bromophenol blue dye 
was reached 3 cm from the end of the gel. 
2.2.3 mRNA Isolation 
mRNA isolation kit (Boehringer Mannheim) was used to isolate poly (A+) RNA. 
500|ig total RNA from mycelium and primordium stages was used as starting 
material after checked their quality. mRNA was hybridized with biotin-labeled 
oligo(dT)2O probe and captured on streptavidin magnetic particle and then separated 
from total RNA by magnetic separator. The amount of mRNA was determined by 
spectrophotometer and pure RNA sample has a A260/A280 ratio of 2.0土0.1. 
2.2.4 Serial Analysis of Gene Analysis (SAGE) 
SAGE™ kit (Invitrogen™, Life Technologies) was used for generating SAGE 
library. 
2.2.4.1 Binding mRNA to magnetic beads for cDNA synthesis 
50-100ng mRNA sample was bound to the oligo(dT) beads after washed by 
lysis/washing buffer and then used as a template for cDNA synthesis. First strand 
mix (I811I 5X first strand buffer, 1.0|il RNaseOUT™, 54.5^1 DEPC-H2O, 9.0^1 O.IM 
' �. . . 
DTT and A.5\i\ lOmM dNTP Mix) was used to resuspend the beads containing 
mRNA for first strand cDNA synthesis. 3^1 SUPERSCRIPT™ TI reverse 
transcriptase (RT) (200U/^il) was added to the mixture for reverse transcription. The 
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mixture was incubated at 37°C for 1 hour with gently mixing every 10 minutes on a 
slow vortex. After 37�C incubation, the mixture was chilled on ice from 2 minutes 
and mixed with second strand mixture (ISOjil 5X second strand buffer, ISjil lOmM 
dNTP mix, 5\i\ E. coli DNA ligase，20^1 E. coli DNA polymerase, E. coli RNase 
H) then incubated at 16�C for 2 hours meanwhile the mixture was gently mixed 
every 15 minutes. After 16�C incubation, the mixture was placed on ice and 0.5M 
EDTA was added to inhibit the reaction. The sample was then washed twice by 75�C 
Wash Buffer C (5mM Tris; pH7.5, ImM EDTA, IM NaCl, 1% sodium dodecyl 
sulfate (SDS), and 10}ig/ml mussel glycogen) to inactive E. coli DNA polymerase 
and then washed four times with 750°C Wash Buffer D (5mM Tris; pH7.5, ImM 
EDTA, IM NaCl, 200|ig/ml bovine serum albumin (BSA) ). After the fourth wash, 
5^1 sample was removed for verifying cDNA synthesis and the remaining Buffer D 
was removed. 200^1 of IX Buffer 4 was added to resuspend the sample beads and 
the contents were transferred to a new Eppendorf tube. The oId tube was washed 
with 200|il of the same buffer and transferred to the new tube containing the reaction 
mix. The supernatant was discarded and the beads were stored in 200^1 of IX Buffer 
4 at 4°C overnight for digesting with Nlalll. 
2.2.4.2 cDNA synthesis verification 
A 50|il PGR was performed to verify cDNA synthesis, 5^1 sample in Wash 
Buffer D obtained from above step was added to 5^1 lOX BV Buffer (166mM 
ammonium sulfate, 670mM Tris; pH 8.8，67mM MgCh and lOOmM 
P-mercaptoethanol), 3\x\ Dimethyl sulfate (DMSO), 5|il lOmM dNTPs mix, 0.5^1 
PLATINUM® Tag DNA Polymerase (5U/|il) and 20^M each of 2 different primers 
sets. The primers set 1 are PEL411b (5 '-GCAATTACCCATGGCCTGAT-3') and 
CK70 (5'-GTGGCAAGCGTTTCCTCT-3') from ESTs result PEL0411 which is 
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putative homology to NAD(+)-depeiident 15-hydroxprostaglandin dehydrogenase. 
The primers set 2 are PEL443 (5' GGCAGCAAACACCAAGAG 3,) and CK89 (5’ 
GGATTTGCTGGTGCAGTA 3，）from ESTs result PEL0433 which is putative 
homology to Glyceraldehyde-3-phosphate dehydrogenase. The mixture was 
amplified with one cycle 95�C for 2 minutes, 30 cycles 95�C for 1 minutes; 55�C for 
1 minutes; 72°C for 2 minutes followed by 1 cycle 72°C for 5 minutes and 10|j.l of 
the reaction was analyzed by using agarose gel electrophoresis. 
2.2.4.3 Main digestion -
Once the integrity of the cDNA sample was checked, the sample beads was 
resuspend in 172^1 LoTE (3mM Tris; pH7.5 and 0.2mM EDTA; pH 7.5), 2^1 lOOX 
BSA, 20^il lOX Buffer 4 and 6^1 Malll and incubated at 37°C for 1 hour with . 
occasionally mixing by slow vortex. The beads was then washed with 37°C 
pre-warmed Wash Buffer C twice to inactive NIalll and washed six times with Wash 
Buffer D to prevent clumping beads. After the last wash, 5|il sample was removed 
for verifying NIalll digestion and the left Wash Buffer D was removed. The beads 
were washed twice with IX Ligase Buffer (60mM Tris; pH7.5, 60mM MgCh, 
50mM NaCl, Img/ml BSA, 70mM p-mercaptoethanol, ImM ATP, 20mM DTT , and 
lOmM spermidine) and resuspended the beads in 100|il of IX Ligase Buffer. The 
sample was divided equally into 2 new Eppendorf tubes, A and B and b oth tubes 
were washed once with IX Ligase Buffer and immediately ligated to adapters 
(Appendix 1). 
A .. 
2.2.4.4 Mfllll digestion verification 
A 50|il PGR was performed to verify NIalll digestion, 0.5^il NIalll digested 
sample in Ligase Buffer as well as 0.5|il cDNA sample in Wash Buffer D obtained 
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from above steps was used as template and added to 5[i\ lOX BV Buffer (166mM 
ammonium sulfate, 670mM Tris; pH 8.8, 67mM MgCl： and lOOmM 
P-mercaptoethanol), 3|il DMSO, lOmM dNTPs mix, O.S i^l PLATINUM® Tag 
DNA Polymerase (5U/|il) and 20|iM each of 2 different primers sets. The primers set 
1 (PEL411) and the primers set 2 (PEL443) (2.2.4.2). The mixture was amplified 
with one cycle 95�C for 2 minutes, 30 cycles 95°C for 1 minutes; 55�C for 1 minutes; 
72°C for 2 minutes followed by 1 cycle 72°C for 5 minutes and 10|il of the reaction 
was analyzed by using agarose gel electrophoresis. It is expected that after NlalJl 
digestion the PEL411 primer binding sites are intact while the PEL443 primer 
binding sites are lost. 
2.2.4.5 Adapters ligation 
Having digested the cDNA with NlalU, two cDNA pools were ligated to 40bp 
adapters containing a recognition site for a Type IIS restriction enzyme, BsmVl. Pool 
A cDNA beads was mixed with 1.5^1 adapter A (Appendix 1) (20ng/^l) and pool B 
cDNA beads was mixed with 1.5|il adapter B (Appendix 1) (20ng/jil). Both pools of 
mixtures were added to 14|il LoTE, 2^1 lOX Ligase Buffer and 2.5|il T4 DNA ligase 
for ligation. After mixing well the reactions, the sample and the control were 
incubated at 16°C for 2 hours with intermittent mixing every 15 minutes. The 
samples and the control were washed four times with Wash Buffer D and twice with 
IX Buffer 4 and stored at IX Buffer 4 for cleaving with tagging enzyme. 
2.2.4.6 Cleaving with tagging enzyme 
Two pools of sample beads were added with 174|il LoTE, 20^1 lOX Buffer 4， 
4…lOOX BSA and 2|il BsmFl and incubated at 65�C for 1 hour with occasional 
gentle mixing every 10 minutes. After cleavage, cDNA was separated from magnetic 
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beads and the supernatant containing cDNA was transferred to a new Eppendorf tube 
followed by ethanol precipitation. The precipitated cDNA samples were resuspend in 
10)il LoTE and were directly preceded to Klenow reaction. 
2.2.4.7 Ditags creation 
After BsmFL digestion, two pools of tags were subjected to a Klenow reaction to 
fill in the 5’ overhangs and then ligated to form lOObp ditags. Two pools of tags were 
mixed with 50°C digestive solution containing 5|il lOX Klenow Buffer (lOOmM Tris; 
pH 7.5, 50mM MgCb and 7.5mM DTT), 1.0|il lOOX BSA, 2.5^1 of lOmM dNTPs 
mix and l^il Klenow Polymerase (5U/|il in 0.1 M potassium phosphate, ImM DTT 
and 50% glycerol(w/v)) and incubated at 37°C for 30 minutes. After Klenow reaction, 
two samples were pooled to obtain total volume lOOfil followed by ethanol 
precipitation. The precipitated sample was resuspended in LoTE for ditag 
formation. To prepare 2X ditag reaction mix, 1.25…3mM Tris; pH7.5, 0.75^il lOX 
Ligase Buffer, 0.75|il DEPC-H2O and l|il T4 DNA Ligase were mixed on ice and 
1.5^1 of 2X ditag reaction mix was added to the tags resuspended in 1.5^1 LoTE. The 
mixture was incubated overnight at 16°C and then 14|il LoTE was added to the 
ligation mixture after the incubation had been completed. 
2.2.4.8 PCR optimization and scale-up 
Ditags were amplified by primers DTP-1 (Appendix 1) and DTP-2 (Appendix 1) 
and amplification was optimized by using different dilutions of ditags (1/20，1/40, 
and 1/80). To set up 50jil PCR reaction, different dilution of ditags or control were 
added to 5[i\ of lOX PCR Buffer (166mM ammonium sulfate, 670mM Tris pH 8.8, 
67mM MgCl2, and lOOinM B-mercaptoethanol), 3^1 DMSO, 7.5^1 of lOmM dNTPs , 
2)il of DTP-1 (175ng/^l), 2|il of DTP-2 (175ng尔 1) and O.S i^l PLATINUM® Tag DNA 
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Polymerase (5U/|il) (Invitrogen) and performed PGR for one cycle 95°C 1 minute, 
27 cycles 95°C 30 seconds; 55°C 1 minute; 70°C 1 minute and 1 cycle 70°C 5 
minutes at end. 5|il PGR products were loaded on 3% agarose gel for quantity and 
quality analysis. After PGR conditions had been optimized, large scale PGR (100 to 
200 50|il reactions) were performed. 
2.2.4.9 Polyacrylamide gel electrophoresis 
All PCR products were pooled into one 50ml sterile conical tube and performed 
ethanol precipitation. After precipitation, the PCR products were resuspended in 
300^1 LoTE and added with 60^1 6X TBE Sample Buffer (45mM Tris, 45mM boric 
acid, ImM EDTA, 5.3% glycerol, 0.005% bromophenol blue and 0.005% xylene 
cyanol). The PCR product was electrophoresed on a 1.5mm thick 12% 
polyacrylamide gel to separate the lOObp ditag from and 80bp contaminant, 30}il 
PCR product was loaded per well and total 360|il PCR product was loaded on one 
gel. For the polyacrylamide gel electrophoresis, separating gel and stacking gel were 
casted and run by using the PROTEAN II xi cell (Bio-Rad), 8% polyacrylamide gel 
(2.05ml 40% acrylamide/bisacrylamide, 2.0ml 5X TBE running buffer, 4.0^ x1 
TEMED, 5.7ml deionized H2O and 0.1ml 10% ammonium persulfate) was separating 
gel and 1 2% polyacrylamide gel (9.6ml 40% acrylamide/bisacrylamide, 6.0ml 5X 
TBE running buffer, 12^1 TEMED, 14.1ml deionized H2O and 0.3ml 10% 
ammonium persulfate) was stacking gel, running buffer used for polyacrylamide gel 
electrophoresis was 5X TBE running buffer (89mM Tris, 89mM boric acid and 2mM 
EDTA, pH 8.3) and running condition was 12mA constant amperes until the 
bromophenol blue dye front run out of the gel and the xylene cyanol dye front 
reached 2cm from the bottom. After electrophoresis, the gel was stained in 0.5|ag/ml 
ethidium bromide and the bands were visualized under UV light. 
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2.2.4.10 Eluting DNA from the gel 
lOObp products were excised from each lane of the gel by using a new razor 
blade, each gel band was then cut into 2 pieces and each piece was placed into one 
0.5ml Eppendorf tube with an 18-gauge- needle made hole on the bottom. The 
excised bands were broken into pieces by centrifugation and collected into new 
1.5ml Eppendorf tube. 150|J.1 LOTE/7.5M ammonium acetate (125:25) was added to 
the gel pieces and mixed well. The mixture was then incubated at 6 5 f o r 2 hours to 
elute the DNA from the gel pieces. After incubation, the contents were transferred to 
丁 IVyf 
the S.N.A.P column fitted to collection tube and centrifuged at 14,000rpm for 2 
minutes. Two collection tubes o f elute were combined to a new 1.5ml Eppendorf 
tube to yield a total of 300|il and proceeded for ethanol precipitation. Each 
precipitated pellet was then resuspended in \4\l\ LOTE and all samples were 
combined for NIalll cleavage. 
2.2.4.11 NIalll Cleavage and polyacrylamide gel electrophoresis 
The lOObp ditags was digested by NIalll to produce 26bp ditags. The combined 
lOObp product was equally aliquoted into three separate sterile Eppendorf tubes and 
mixed with 15^1 lOX Buffer 4，2|il lOOX BSA, 12^1 NIalll and 19[L\ DEPC-H2O 
followed by 2 hours 37°C incubation. After incubation, the volume in each tube was 
adjusted to 200|il with LoTE and 5|il of the reaction was analyzed by agarose gel 
electrophoresis to check the efficiency of NIalll digestion. When over 80% of the 
lOObp ditags was cleaved to yield 26bp ditags, three tubes of reactions were purified 
by ethanol precipitation and resuspend in a total volume of 32^1 using LoTE, The 
26bp ditags ware purified using polyacrylamide gel electrophoresis as described 
above 2.2.4.9. 7^1 6X TBE Sample Buffer was added to the sample and 13|al of the 
sample was loaded per lane of the 12% polyacrylamide gel. Running condition was 
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12mA constant amperes until the bromophenol blue dye front reached 3cm from the 
bottom. Having completed the electrophoresis, the gel was stained with 0.5ng/ml 
ethidium bromide and the bands were visualized. 
2.2.4.12 Concatemers Ligation 
DNA samples were elution and ethanol precipitated as described above 2.2.4.10. 
After ethanol precipitation, the pellet was resuspended in total volume of 7.75p.l 
LoTE on ice and mixed with Ijil lOX Ligase Buffer and 1.25^1 T4 DNA Ligase 
followed by 16°C incubation for 3 hours. When ligation was completed, 2|il of 6X 
TBE Sample Buffer was added to the ligation mix and the mixture was heated at 
65°C for 10 minutes before gel electrophoresis. For gel electrophoresis, only 8% 
stacking gel was used and the sample was loaded in one well and the running 
condition was 8mA constant amperes until the bromophenol blue dye front reached 3 
cm from the bottom. After electrophoresis, the gel was stained with 0.5ng/ml 
ethidium bromide and a smear ranging from �lOObp to > Ikb was visualized. A new 
razor blade to excise gel regions 300bp-500bp, 500bp-800bp and 800bp-lkb, each 
gel band was cut into 2 pieces and placed into one 0.5ml Eppendorf tube containing 
-a 18-gauge-needle made hole therefore 6 tubes containing the various sizes of DNA 
were obtained. DNA was eluted from gel by method described above 2.2.4.10 and 
the eluted DNA was preceded to ethanol precipitation. After ethanol precipitation, 
the pellet in each tube was resuspend in 6pl LoTE and cloned into pZerO®-! (Fig 
2.1). Before cloning, the vector was linearized by mixing 2.0^1 pZerO®-! (Ijig/^l) to 
2.5nl lOX Buffer 2 (lOOmM Tris; pH 7.9, lOmM MgCb, 5 OmM NaCl a n d l m M 
r. • 
DTT), 1.4|il Sph I and 19.1)11 sterile water. The mixture was incubated at 37°C for 30 
minutes and LoTE was added to the mixture so that the total volume raise to 200^1 
for ethanol precipitation and the pellet was resuspended in 60}il LoTE for cloning. 
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The efficiency of Sph I digestion was checked by 1% agarose gel electrophoresis, 
2|il of the digestion mixture and undigested pZerO®-! was loaded on a 1% agarose 
gel. 
2.2.4.13 Cloning Concatemers into pZErO®-! 
When the efficiency of Sph I digestion was checked, 6|j,1 of concatemers was 
mixed with l^il pZerO®-!/ Sph I, l^il lOX Ligase Buffer and 2|il T4 DNA Ligase and 
incubated at 16°C for 3 hours. After incubation, the sample volume was adjusted to 
200^1 with LoTE followed by ethanol precipitation. The pellet was resuspended in 
12|il LoTE for transformation. 
2.2.5 One Shot® TOP 10 Electrocomp™ E. Coli transformation 
2|il of the ligation reaction was added into 50)0.1 of One Shot® TOP 10 
ElectrocompTM 五 Col i and mixed gently. The cells and D N A were then transferred 
into a chilled 0.1cm electroporation cuvette on ice. The cells were electroporated 
with Gene Pulser® Transfection Apparatus and Pulse Controller (Bio-Rad) and the 
electroporation condition was 1.8kV voltage, 25 ^ iF capacitor, 2000 resistor and with 
“time constant 4.6mseconds. After electroporation, 250|j.1 room temperature SOC 
medium (2% tryptone, 0.5% yeast extract, 0.05% NaCl, 2.5mM KCl, lOmM MgClz 
and 20mM glucose, pH7.5) was mixed gently with the cells and the solution was 
transferred to a 15ml Falcon and shaked at 37°C for 1 hour and then 150|il of each 
丁 Ivl 
transformation were spread on a pre-warmed low salt LB agar plates with Zeocin 
(1% Tryptone, 0.5% Yeast Extract, 0.55 NaCl, and 50|ig/ml Zeocin™，pH7.5) and 
the plates were incubated overnight at 37�C for colony growth. The colonies were 
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Fig. 2.1. Map of the pZErO®-! vector (Invitrogen). 
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2.2.6 PCR Screening and Sequencing 
For PCR screening, 2 5 P C R mix (2.5^1 of lOX BV Buffer, 1.25^1 DMSO, 
\25\i\ of lOmM dNTPs, 1.0|al of 5\iU M13 Forward (-20) primer (Appendix 1), 
1.0|il of 5|iM M13 Reverse (-20) primer (Appendix 1), 0.2|il PLATINUM® Tag 
DNA Polymerase (5U/}j.1) and sterile water) was prepared, colony was added to PCR 
mix and the mixture was amplified with one c ycle 94�C for 2 minutes, 3 0 cycles 
94°C for 1 minutes; 55°C for 1 minutes; 70°C for 1 minute followed by 1 cycle 70°C 
for 5 minutes and Sp-l of the reaction was analyzed by using agarose gel 
electrophoresis for screening. Colonies with bands equal or greater than 400bp were 
selected, purified by QIAquick PCR purification kit and PCR for sequence. the 
purified product was added to 4^1 Terminator Ready Reaction Mix, 2^1 of Ml3 
Forward (-20) primer and l|il deionized water. Thermocycling was performed for 25 
cycles of 95°C for 10 seconds, 55°C for 15 seconds and 70°C for 4 minutes. The 
reaction product was purified by ethanol precipitation. The purified sample was 
mixed with lOjil template suppression reagent (TSR) and heated at 95�C for 2 
minutes to denature, then chilled on ice. Samples were sequenced with the ABI 
PRISM 3100 Genetic Analyzer (Perkin-Elmer). 
2.2.7 Sequence Analysis 
• The sequences of concatemers were edited using SeqEd (version 1.0.3, 
Perkin-Elmer). The edited' concatemers were analyzed by SAGE™ Analysis 
Software (version B)(Invitrogen), this software provides a method to extract 





2.3.1 RNA Extraction 
RNA was extracted by TRI Reagent (Molecular Research Center, Inc.) (2.2.1). 
Quality and quantity of the extracted RNA was checked by a spectrophotometer 
(2.2.2) and running denaturing gel electrophoresis. The ratio of absorbance 
(OD260/OD280), good RNA sample should be over 1.8 to ensure that there is a little 
protein or DNA contaminants. The RNA sample used for SAGE had absorbance 
ratio of around 1.8 to 1.9. Then, 500ng of RNA sample was electrophoresed on the 
denaturing gel. After electrophoresis, clean and sharp 28S rRNA bands and 18S 
rRNA bands were observed (Figure 2.2). Quantity and quality of mRNA isolated 
using the mRNA isolation kit was also examined by the spectrophotometer. The 
absorbance ratio, 260/280, of the mRNA sample used for SAGE was 2.0 土 0.1. 
2.3.2 cDNA Synthesis 
cDNA was synthesized when the mRNA was bound to the magnetic beads, 
acting as a template with SUPERSCRIPT™ II reverse transcriptase (RT). The 
synthesized cDNA was verified by PGR with 2 sets of gene specific primers. The 
PGR products after 1% agarose gel electrophoresis showed a sharp band (Figure 
2.3), 
2.3.3 Nlalll digestion 
cDNA was digested by A^/alll anchoring enzyme after the clear cDNAbands 
amplified by the gene specific primers were observed. NlalU digestion was verified 
by P CR with the gene sp ecific primer sets. A fter 1 % agarose gel electrophoresis, 
only the cDNA band amplified by the primer without the recognition site of the 
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Nlalll anchoring enzyme was observed (Figure 2.3). 
2.3.4 PCR amplification 
After the cDNA had been digested by Malll and ligated with 2 sets of linkers, 
the cDNA with linker A and the cDNA with linker B were cut by BsmYl and then 
ligated to create ditags. Ditags had to be amplified to about lOmg for further process, 
so we would like to optimize the ditags amplification using different dilutions of the 
template. The desired lOObp ditags yield for scale-up PCR should be between 
50-250ng/50^il of the PCR reaction after PCR amplification. 
Different dilutions of the I-SAGE™ control template and the ditags template 
were PCR amplified. Each lane had a strong lOObp ditag band, a faint 80bp band and 
also a strong 125bp band. The yield of the lOObp ditags from 1/40 diluted template 
was most similar to that of 1/4 diluted control template. Moreover, 1/40 diluted 
template had the least bands so this dilution was used for scale-up (Figure 2.4). 
2.3.5 Gel-purification of the lOObp Ditags 
After performed 200 PCR reactions, about lOmg PCR products was obtained. 
All PCR products were pooled for ethanol precipitation and electrophoresed on a 
12% polyacrylamide gel. After electrophoresis, a strong lOObp band was observed in 
each well (Figure 2.5A) and the bands were then excised for DNA elution (Figure 
2.5B). 
2.3.6 Isolation of the 26bp Ditags 
The eluted DNA was cut by Nlalll anchoring enzyme to obtain 26bp ditags. The 
efficiency of Nlalll was determined by loading 5iil of the 26bp ditags sample on 1% 
agarose gel for electrophoresis. A strong 26bp ditag band, a 40bp band, a 60bp band 
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and a faint lOObp band were observed after electrophoresis (Figure 2.6A). AV I^II 
cutting was judged successful and the yield of the 26bp ditags was enough for gel 
purification again. 
A 12 or 15% polyacrylamide gel was used to resolve the 26bp ditags from the 
other bands (Figure 2.6A). The 26bp ditags bands were then cut for DNA elution 
(Figure 2.6B). 
2.3.7 Concatemers Generation 
The eluted 26bp ditags were ligated to form concatemers. The concatemers had 
been heated to 65°C before they were loaded into a well of a 8% polyacrylamide gel. 
After electrophoresis, a smear of sizes lOObp to Ikb was observed (Figure 2.7). 
Three different regions of the gel were excised for cloning. 
2.3.8 PCR Screening 
Three different size ranges of concatemers were cloned into pZErO®"! (Figure 
2.1) and the plasmids were then transformed into One Shot®TOP 10 Electrocomp™ 
E. coli. The colonies containing different range of concatemers were screened by 
"PCR. After 1% agarose gel electrophoresis, colonies with inserts equal or greater 
than 300bp were selected for sequencing (Figure 2.8A，B). ABI PRISM™ 
dRhodamine Terminator Cycle Sequencing Ready Reaction Kit ( PE Applied 
Biosystems) were used for sequencing, lOjjl of sequencing mixture containing 4pl 
dTRRM, 3^1 of the concatemers, 2^1 of M13 (-20) forward primer. PCR were 
performed for 25 cycles of 96�C，10 seconds; 50°C, 5 seconds; 60�C, 4 minutes. 
Then the PCR products were purified by EtOH precipitation. The sequenced 
concatemers were analyzed and the amount o f tags contained in each c oncatemer 
was counted and the abundance of each tag was calculated by the SAGE software. 
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2.3.9 The Abundance and Identity of SAGE Tags 
The sequenced concatemers were analyzed and the amount of tags contained in 
each concatemer was counted. Total 6848 tags were collected from two SAGE 
libraries generated from RNA of the mycelium and primordium of L. edodes. 3530 
tags were obtained from mycelium SAGE library and 3449 tags were obtained from 
primordium SAGE library. The abundance of each tag was calculated by the SAGE 
software (Figure 2.9A, B). All tags were matched with the ESTs generated from 
primordial stage of L. edodes (Table 2.3, 2.4，2.5). Among 6848 tags, 3897 tags were 
unique (Table 2.1). Total tags from mycelium and primordium are 3503 and 3449 
respectively and the unique tags from mycelium and primordium are 2062 and 2260 
respectively (Table 2.2). 200 unique tags (total 1090 tags) were matched with ESTs, 
81 unique tags were obtained from mycelium SAGE library and 119 unique tags 
were obtained from primordium SAGE library. Tags do no match ESTs, match ESTs 
with low similarity with their putative identities or match with ESTs having 
unknown identities were shown as unknown. 
The cellular roles of the matched tags were categorized by using the 
classification method developed by the Expressed Gene Anatomy Database (EGAD) 
by The Institute for Genomic Research (TIGR) at 
http://www.tigr.org/docs/tigr-scripts/egad scripts/role report.spl (White and 
Kerlavage，1 996). Depending on the functions, the classification was divided into 
seven categories including cell division, cell signaling, cell structure, cell defense, 
RNA and protein synthesis, metabolism and unclassified. For mycelial and 
primordial stage, the matched SAGE tags were classified into these seven categories. 
The identities of some matched tags could not be found in EGAD so they were 




Fig. 2.2. mRNA sample from mycelium and primordium of L. edodes are loaded on 
denaturing gel. Both lane 1 and 2 were mRNA samples. 18S and 28S rRNA bands 
were visualized. The mRNA was good quality as it is found that the brightness of 
18S rRNA bands were about half of 28S rRNA bands 
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Figure 2.3. Gel electrophoresis for verification of cDNA synthesis and Nlalll 
digestion. 1% agarose gel electrophoresis was used to verify the cDNA synthesis and 
the efficiency ofMal l l . Two gene fragments were chosen from ESTs and amplified 
by specific primers. Only one of them contains Nlalll restriction enzyme site and the 
upper primer site is downstream of the enzyme site. After NlalU digestion, the gene 
fragment contains Nlalll restriction enzyme site cannot be amplified because the 
primer site was lost. Lane 1 and 2 are the two gene fragments amplified before 
digested by NlalU, lane 3 and 4 are the two gene fragments amplified after digested 
by NlalU. Lane 1 and 3 are same brightness because their PGR products contain 
Main restriction enzyme site. Lane 4 is significantly weaker than lane 2 because 
their PGR products contain Nlalll restriction enzyme site. This show high efficiency 
of Main digestion that most of the genes containing Malll restriction enzyme site 
were cut by Nlalll. 
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Fig. 2.4. Gel electrophoresis for PGR optimization of the lOObp ditags. 
Lane 1: Negative control (no template) 
Lane 2: Negative control (no ligase) 
Lane 3 and 4; lOObp ladder and 25bp ladder 
„ Lane 5 to 8: 1/10，1/20，1/40 and 1/80 dilution of the template, respectively 
Lane 9 to 11: Ipl, Ipl from 1:2，and Ipl from 1:4 dilution of the I-SAGE™ Control 
Template. 
4% agarose gene electrophoresis was used to analyze the lOObp ditags. A strong 
lOObp ditag band and some weaker faint bands were observed. The template 
containing stronger lOObp ditag band and less faint bands was selected and 
proceeded to scale-up PCR. 工 
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Fig. 2.5A. 12% Polyacrylamide gel electrophoresis of the lOObp ditags after 200 
scale-up PCR. Lane 1 and 10 were 25bp ladder and lOObp ladder respectively. Lane 
2 to 9 were the scale-up PCR products of the lOObp ditags. Each well contained 
about 40M1 of PCR products with 6X TBE loading buffer. A strong lOObp ditag band 
and a faint 80bp band (contains only adapter sequences without any transcript 
sequence) were observed in each lane of PCR products. 
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Fig. 2.5B. 12% Polyacrylamide gel electrophoresis of the scale-up PCR products. 
Bands of the lOObp ditags were excised for elution and purification. Lane 1 and 10 
were 25bp ladder and lOObp ladder respectively. Lane 2 to 9 were the scale-up PCR 




Fig. 2.6A. 12% Polyacrylamide gel electrophoresis of the 26bp ditags. The lOObp 
ditags were digested by NlaUl anchoring enzyme to obtain 26bp ditags. Lane 1 and 5 
„ was 25bp ladder and 50bp ladder respectively. Lane 2 to 4 were digested ditags. 
Each well contained 13|jl of sample with 6X TBE Sample Buffer. 60bp and lOObp 
bands resulted from incomplete Nlalll digestion. 40bp bands were the adapter 
sequences and 26bp bands were the ditags sequences after the lOObp ditags had been 




Fig. 2.6B. 12% polyacrylamide gel electrophoresis of the 26bp ditags after excision. 
Bands of the 26bp ditags were excised for elution and purification. Lane 1 and 5 was 
„ 25bp ladder and 50bp ladder. Lane 2 to 4 were digested ditags. 
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Figure 2.7. 8% polyacrylamide gel electrophoresis of the concatemers. The 26bp 
ditags were ligated to form concatemers and loaded on gel for electrophoresis. Lane 
1 and 6 were 50bp ladder, lane 2 and 5 were lOObp ladder. Lane 3 was concatemers 
with a smear ranging from �l O O b p to > Ikb, and lane 4 was blank. The well of lane 
„ 3 contained all concatemers with 6X TBE Sample Buffer. Gel regions: 300bp-500bp, 
500bp-800bp and 800bp-lkb were then excised and purified to elute DNA. Finally, 
different ranges of concatemers were obtained for cloning and sequencing. 
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Fig. 2.9A, B. The report of SAGE tags analyzed by the SAGE software. All 
sequences were input into the software, lObp of tags were extracted from the 
sequences. Total about 6000 tags were obtained. The tag sequence, their copy 
numbers, abundance can be obtained after analyzed by the software. 
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Table 2.1. The abundance of the SAGE tags from mycelium and primordium of L 
edodes. 
Copy no.** No. of tags No. of unique tags* % of tags % of unique tags 
>50 357 5 5.21 0.13 
20 to 49 377 13 5.51 0.33 
10 to 19 541 41 7.90 1.05 
2 to 9 2612 877 38.1 22.5 
1 2961 2961 43.2 76.0 
Total 6848 3897 100 100 
Table 2.2. The copy number of the SAGE tags from mycelium and primordium of L 
edodes. ， 
Mycelium Primordium 
Copy no.** No. of tags No. of unique tags* No. of tags No. of unique tags* 
>50 260 4 83 1 
20 to 49 108 4 125 5 
10 to 19 379 20 206 16 
2 to 9 1111 389 1238 441 
1 1645 1645 1797 1797 
Total 3503 2062 3449 2260 
Note: 
*Same SAGE tags were grouped together and called a unique tag, e.g. tag A had 10 
copy numbers and tag B had 1 copy number then it was said that there are 11 total 
tags and 2 unique tags. 









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 2.6. Cellular roles of SAGE tags from mycelium ofL. edodes. 
No. of No. of unique % of tags % of unique tag 
Cellular role* tags tag no. no. 
1 Cell division 4 1 1.20 1.09 
2 Cell signaling 10 4 3.00 4.35 
3 Cell structure 101 3 30.3 3.26 
4 Cell defense 94 9 28.2 9.8 
5 Gene/protein expression 29 20 8.71 • 21.7 
6 Metabolism 37 15 11.1 16.3 
7 unclassified 58 40 17.4 43.5 
Total 333 92 100 100 
Note: 
*Cellular roles of the matched SAGE tags were categorized by using the 
classification method developed as the Expressed Gene Anatomy Database (EGAD) 
by The Institute for Genomic Research (TIGR). Seven classes of cellular roles: 1. 
cell division, 2. cell signaling, 3. cell structure, 4. Cell defense, 5. Gene/protein 
expression, 6. Metabolism, and 7. unclassified. 
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Table 2.7. Cellular role of SAGE tags from primordium of L. edodes. 
No. of No. of % of tags % of unique 
Cellular role* 
tags unique tag no. tag no. 
1 Cell division 16 8 2.02 6.72 
2 Cell signaling 14 4 1.77 3.36 
3 Cell structure 84 2 10.6 1.68 
4 Cell defense 95 13 12.0 10.9 
5 Gene/protein expression 459 35 57.8 29.4 
6 Metabolism 61 20 7.69 16.8 
7 unclassified 64 37 8.07 31.1 
Total 793 119 100 100 
Note: 
*Cellular roles of the matched SAGE tags were categorized by using the 
classification method developed as the Expressed Gene Anatomy Database (EGAD) 
by The Institute for Genomic Research (TIGR). Seven classes of cellular roles: 1. 
cell division, 2. cell signaling, 3. cell structure, 4. Cell defense, 5. Gene/protein 
expression, 6. Metabolism, and 7. unclassified. 
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Fig. 2.10. Number of SAGE tags from mycelium SAGE library and primordium 
SAGE library were categorized into 7 class of cellular role. 
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Fig. 2.11. Number of unique tags from mycelium SAGE library and primordium 
SAGE library were categorized into 7 class of cellular role. 
Note: 
*Seven classes of cellular roles: 1. cell division, 2. cell signaling, 3. cell structure, 4. 
Cell defense, 5. Gene/protein expression, 6. Metabolism, and 7. unclassified. 
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2.4 Discussion 
2.4.1 RNA Extraction 
Since high quality of extracted RNA was necessary to be the starting material 
for SAGE, spectrophotometer and denaturing gel electrophoresis were used to check 
the RNA quality. The absorbance ratio (OD260/OD280) of the sample was determined. 
If the ratio is less than 1.8，there may be DNA contamination. If the ratio is higher 
than 2.0, there may be protein contamination. By denaturing gel electrophoresis, the 
sample can be monitored for degradation. If smearing is observed, the RNA sample 
is degraded. 
2.4.2 cDNA Synthesis and NlaWl digestion 
Digestion by NIalll anchoring enzyme is very important in the SAGE 
technology. Therefore, verification step is needed to check the efficiency of NIalll 
digestion. Two pairs of gene specific primers are chosen from the ESTs database, one 
pair can amplify the gene product containing NIalll recognition site while another 
pair can amplify the gene product does not contain. So, both sets of primers can 
amplify the gene products after cDNA synthesis but only the pair without NIalll 
recognition site can amplify the gene product after NIalll digestion. The efficiency of 
the NIalll anchoring enzyme can be shown by the brightness of the band responsible 
for the gene product being digested by NIalll Stronger the band means less efficient 
the enzyme digestion. 
However, NIalll anchoring enzyme is a very sensitive enzyme that it is easily 
degraded. S ometimes, t he e nzyme f ailed t o d igest t he p olyacrylamide gel-purified 
102bp ditags. This may be caused by the inherent sensitivity of the NIalll to storage 
conditions. 102 ditags have to be purified by running the polyacrylamide gel but the 
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soluble contaminants may add to sample and inhibit the activity of Nlalll So, a 
purification step with gel-filtration column and ethanol precipitation are used to 
purify the sample before Nlalll digestion (Angelastro et al, 2000). 
2.4.3 PCP amplification 
If the amount or quality of the lOObp ditag PGR products is not satisfactory, the 
PCR scale up for the lOObp ditags would fail. From the results of figure 2.4，PGR 
conditions were optimized for the polymerase used, numbers of PCR cycles and the 
dilution factors of the templates. Due to the inhibitor binding on the PLATINUM® 
Taq DNA polymerase, an automatic "hot-start" was initiated in PCR. Compared the 
results of PCR using PLATINUM® Taq DNA Polymerase and other Taq DNA 
polymerases without inhibitor, PLATINUM® Taq DNA Polymerase can provide 
more lOObp ditags. Besides, numbers of PCR cycles were optimized from 10，20, 27 
and 32 cycles. 32 cycles of PCR provided the largest amounts of lOObp ditags, albeit 
the non-specific bands were also stronger. For scale up PCR, 1:40 instead of 1:20 or 
1:80 dilutions of templates was used. A high concentration of template would 
increase the amount of the non-specific bands. The amount of PCR products were 
enough for gel-purification when the cycles of PCR was 37 and the concentration of 
the template was 1:40. 
M addition to the lOObp ditags band, a 80bp band and a 125bp band were 
observed. The 80bp band contained only sequences of the adapters without any 
transcript sequence since each adapter is about 40bp and the 3，end of the adapter is 
modified with an amino group to prevent self-ligation, only two adapters can be 
ligated to generate the 80bp bands. 
After BsmFl digestion, some of the 80bp ligated adapters were cut into about 
50bp. If the 50bp ligated adapters were digested by BsmVl again, about 20bp ligated 
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adapters would be obtained. Both 50bp and 20bp ligated adapters were blunt-ended 
so they might be ligated together. Since 125bp band was usually observed, it was 
assumed that a 20bp ligated adapter was ligated between two 50bp ligated adapters 
to produce a 125bp band. Besides, when cDNA ligated with adapter A or B，they 
were digested by BsmFl. After digestion, cDNA with adapter was about 50bp. If 
cDNA with adapter A ligated with cDNA with adapter B, lOObp ditags were obtained. 
However, if a 20bp ligated adapter was ligated between two 50bp cDNA with 
adapter sequences so a 125bp band was also obtained. 
2.4.4 SAGE Tags Analysis 
According to the information from other fungi (Horon and Raper, 1991b; 
Peberdy and Fox, 1993; Nelson et al., 1997), L edodes may contain 9,000 to 10,000 
genes. By ESTs and the SAGE method, totally about 480 gene transcripts and 6000 
genes tags were obtained respectively from L. edodes. It was not surprising that only 
10901 ags w ere m atched w ith E STs b ecause genes found from each m ethod w ere 
partially overlapped. Besides, total tags that matched ESTs database were less if they 
were obtained from mycelium. It is because the ESTs database was built from the 
primordium cDNA library of L. edodes. So, the matched SAGE tags from 
primordium were more than that from mycelium. The matched and unmatched 
SAGE tags obtained from dikaryotic mycelium and primordial SAGE libraries were 
listed (Table 2.5 - 2.9). 
SAGE tag contains sufficient information to identify uniquely a transcript 
because it is derived from a defined location within that transcript (Velculescu et al.’ 
1997). Each SAGE tag is the 9bp sequence nearby the Nlalll restriction enzyme site 
(CATG) closest to the poly A tail of the mRNA. However, sequence of the SAGE tag 
is too short to search its putative homology by any online searching database such as 
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NCBI, this is one of the limitations of the SAGE method. In order to identify the 
SAGE tags generated from mycelium SAGE library and primordium SAGE library, 
ESTs generated from primordium o f L . edodes by our 1 aboratory previously were 
used as a database for SAGE tags identification. SAGE analysis depends on the 
accuracy of the sequences of the ESTs. If the sequence nearest poly A tail of the gene 
transcript is not precise that CATG restriction enzyme site cannot be found, SAGE 
tags of that transcript cannot be identified. 
From SAGE results, some expressed genes transcripts that expected to be high 
abundance are not found in any developmental stage such as chitin synthesis. It is 
because ESTs do not contain those transcripts. This shows again the dependence 
SAGE on ESTs and may be derived some other problems of the SAGE methods. If 
the genes contain more that one tag or several genes share one tag, the SAGE result 
may be affected. 
SAGE tags from both mycelium and primordium of L. edodes were analyzed by 
SAGE software, revealing that numbers of total tags and numbers of unique tags 
decreased when the abundance of the tags increased (Table 2.1). For example, only 2 
unique tags were collected when their copy number were more than 61, 5 unique 
tags were collected when their copy number was 13 and 169 unique tags were 
collected when the copy number was only 3. These may indicate that in L. edodes, 
there are at least two distinct classes of gene expression patterns: one is more 
transcripts, less variety (gene expression pattern 1); another is less transcripts, more 
complexity (gene expression pattern 2). However, parts of the SAGE tags contain 
large amounts and high varieties (gene expression pattern 3) or small amounts and 
low varieties (gene expression pattern 4). I will discuss the gene expression patterns 
of the SAGE tags more detailed with their cellular roles. 
Number of total tags and number of unique tags involved in different classes of 
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cellular roles are analyzed in order to determine their gene expression pattern. In 
both developmental stages, number of tags for cell structure is the highest but the 
varieties are low. It is implicated that large amounts but low varieties of expressed 
genes (gene expression pattern 1) are required to build up simple structure of L. 
edodes and to cover the homogeneous substrate extensively. 
A group of tags are small amounts but high varieties (gene expression pattern 2) 
involved in cell defense are observed in primordial stage. It is explained that high 
varieties of expressed genes are necessary to tackle complicated problems that 
primordium face. However, small amounts of the expressed genes are enough to 
solve those problems or to regulate other genes to help solving the problems during 
primordial growth. 
In primordial stages, some SAGE tags belonging to gene/protein expression and 
metabolism are in high varieties and large amounts (gene expression pattern 3). It 
indicates that special classes of cellular roles such as metabolism are particularly 
important for fruiting. Also, the complication of the mechanisms for fruiting is 
considerable. 
Number and variety of tags involved in cell division and cell signaling are less 
than those involved in other roles in both developmental stages, they seem to be in. It 
induces that in mycelial and primordial stages, small amounts and low varieties 
expressed genes (gene expression pattern 4) are enough to regulate other genes for 
the mechanism of cell division and cell signaling. 
In different developmental stages oil. edodes, the gene expression profiles are 
different. From mycelium to primordium, L edodes have different morphology and 
physiological mechanism. It is believed that from mycelium and primordium is a 
critical period for fruiting. It is meaningful to analyze their gene expression profiles. 
The cellular roles of all matched SAGE tags were categorized by using EGAD. The 
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gene expression profiles of mycelium and primordium are very different. 
In mycelial stage (Table 2,5), large proportion of total SAGE tags is involved in 
cell structure (34.0%) and cell defense (31.7%) but the number of unique tags 
involved in cell structure (3.3%) and cell defense (9.8%) is not great. This may 
indicate that the structure of mycelium is less differentiated but needs high amount 
of each component. Hyphae grow and spread into all area the fungi touch during 
mycelial stage. Apparently, the fungal mycelium is living in a favorable environment 
that they try to increase their colony size. Also, the results indicated that mycelium 
seems to face few but strong stresses so they build up structural strength to deal with 
those stresses. 
Moreover, small proportion of total SAGE tags is involved in gene/protein 
expression (8.7%) and metabolism (11.7%) but the number of unique tags involved 
in gene/protein expression (21.7%) and metabolism (16.3%) is large (Table 2.5). It is 
explained that less translation and lower metabolic rates occur during mycelium 
growth but those mechanisms are the most complicated for mycelium. 
In the primordial stage (Table 2.6), large amounts of SAGE tags are involved in 
gene/protein expression (57.9%). The unique tags for gene/protein expression 
(34.7%) and metabolism (19.8%) are also in high proportion among all the SAGE 
unique tags obtained from primordium. This result is consistent with the results of 
ESTs (Ng, 2000), in which high proportion of ESTs is involved in gene/protein 
expression (34.3%) and metabolism (21.1%). SAGE and EST approaches can thus 
provide similar results for studying gene expression profile. Also, such high 
occurrence of these expressed genes that can encode large amounts of protein during 
primordium is important for primordium to maintain its physiological status. 
When compared the total number of SAGE tags, the results (Table 2.6) show 
that most transcripts are involved in gene/protein expression and cell defense but less 
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transcripts are involved in metabolism. It may explain that massive translations occur 
for growth and lots of efforts are paid for strengthening and against various kinds of 
stresses during fruiting. However, small amounts of expressed genes are required for 
metabolism. The large amounts of tags for cell defense genes are probably because 
primordium is produced when the fungi are under severe condition. So, various 
expressed genes are needed to handle different kinds of stresses. The fruiting body 
initial is stimulated by environmental cues such as depletion of nutrients, changing 
light or temperature conditions, and humidity. (Komatsu, 1961; Ishikawa, 1967; 
Leatham, 1985; Royse, 1985; Wessels, 1994; Boulianne et aL, 2000; Kues, 2000). 
The role of the different environmental signals for fruiting body formation of L 
edodes has been analyzed. Some specific receptors receive the signals and transmit 
them to targets via specific signaling pathways so as to induce the expression of 
genes for fruiting body initiation. Genes such as PriA (Kajiwara et aL, 1992), PriB 
(Endo et al., 1994) and ^-MPP (Zhang et aL, 1998) are differentially regulated 
during fruiting body formation. 
When considered the number of unique transcripts involved in different role 
classes, it is observed that more unique transcripts are involved in gene/protein 
expression and metabolism but less unique transcripts are for cell structure. It is 
implicated that massive translation and more complicated energy production 
pathways occurs for primordium to grow. On the other hand, cell structure is 
comparatively simple. SAGE tags for cell structure are quite high in total but only 2 
unique tags are known to be involved in cell structure. These expressed genes may 
belong to the gene expression pattern 1. Hydrophobin 1, 2 and 3 are the expressed 
genes for cell structure. The abundance of hydrophobin 1 is the highest in 
primordium and the abundance of hydrophobin 2 and 3 are the second and third high 
in mycelium. Thus in L edodes, hydrophobins are almost same important for growth 
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of mycelium and primordium but different sets are required in different 
developmental stages. 
From SAGE results (Table 2.2), the amounts of highly abundant tags in 
mycelium are more than that in primordium. There are 3 matched tags with copy 
number over 40 in mycelium but only 1 matched tag has copy number over 40 in 
primordium. Also, difference among abundant transcript in primordium is quite large, 
the most abundant tag had a copy number of 83 and the second tag, 29. In primordial 
stage, the number of total tags and unique tags sharply increased when their 
abundance are decreased. However，in mycelial stage, the number of total tags and 
unique tags in the second and third class of abundance are the same. This may 
indicated that no transcript is especially important for mycelium growth. 
Moreover, there is more variety of highly abundant expressed genes for 
mycelium growth for example there are two hydrophobins for cell structure in 
mycelium but only one hydrophobin in primordium. The less abundant transcripts in 
primordium are much more than that in mycelium. This may indicate that more 
variations are needed in primordium because from mycelial to primordial stages, 
mushroom has to adapt many environmental challenges by changing morphology 
and metabolic pathways. This may be reflected by the categories of the expressed 
genes. 
When compared the number of genes transcripts expressed in mycelium and 
primordium, some showed to be important for fruiting. First, it is found that 
hydrophobin genes Le.hyd2 and Le.hydS are only observed in mycelium while 
Le.hydl is only observed in primordium. The relative gene expressions are highly 
consistent to the result obtained from Dot-blot hybridization (Ng, 2000). It induces 
that a specific hydrophobin is important for fruiting and different hydrophobins are 
necessary in different developmental stages. 
93 Ch.2 SAGE 
Hydrophobins is important in morphogenesis and pathogenesis in fungi and 
fruit development in mushroom (Ng et al., 2000). Two hydrophobin genes {Le.hydl 
and Le.hyd2) differentially expressed during fruit body development in L. edodes 
were cloned and characterized (Ng et al, 2000). It was found that the transcript level 
of Le.hydl is high in primordium and that of Le.hydl is high in dikaryotic mycelial 
tissues. Also, reverse dot-blot hybridization showed that the transcript level of 
Le.hydS is high in mycelium (Ng, 2000). These results are the same as the data 
obtained here from SAGE. Up to now, there are totally six hydrophobins found in L 
edodes, except Le.hydl, Le.hydl, and Le.hydS, they are Le.hyd4, Le.hydS, and 
Le,hyd6. By dot-blot hybridization, the transcriptional level of Le.hyd4 and Le.hydS 
were high in mycelium (Bian, 2001)，Hydrophobin 1 is highly expressed in 
primordium because fruit bodies are adaptations for aerial dissemination of 
meiospores by assimilative mycelia which grow within moist substrata (Wessel, 
1994). Hydrophobin was found to be among the most surface active molecules and 
self-assemble at any hydrophilic-hydrophobic interface into an amphipathic film 
(Wdsten and de Vocht, 2000). These small secreted proteins can be used to make 
hydrophilic surfaces hydrophobic so as to prevent water loss during the fruit body 
initial (Wosten and de Vocht, 2000). 
Second, the number of ubiquitin increases dramatically from mycelium to 
primordium. This expression pattern is consistent to the relative expression of LeUbi 
found by RNA fingerprinting (Leung et al” 2000). Ubiquitin is involved in 
intracellular molecular trafficking. It is implicated that protein turnover is rapidly 
undergone during primordium formation. Third, G-proteins are expressed higher 
* ^ 
during primordial growth. Since G-proteins are for signal transduction, it explains 
that signal transduction is important for fruiting. Fourth, the expression genes related 
to ATP synthesis and consumption are more in primordium. It indicates that energy 
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consumptions are more complex for fruiting. Finally, it is observed that the level of 
heat shock proteins is same in mycelium and primordium but cold shock proteins are 
only 0bserved in mycelium. It is implicated that cold environment does not favor 
mycelial growth. 
From SAGE result, the expression levels of most abundant transcripts are in 
contrast in both developmental stages. When the number of the unique transcripts are 
very high in m ycelium, they have 1 ow e ven none abundance in p rimordium. This 
indicates that the expression profiles are quite different between mycelium and 
primordium. Also, by SAGE method, many more tags than those have been analyzed 
so far are found at different developmental stages. These proved that SAGE can 
provide quantitative gene expression profile of mycelium and primordium. The 
relative expressions of the matched unique transcripts are confirmed by cDNA 
microarray hybridization. 
* — 
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Chapter 3 Microarray for 480ESTs Database of L. edodes 
3.1 Introduction 
Microarray is a miniaturized and high-throughput technology. It not only 
provides a comprehensive gene expression profile of any samples and but also 
analyzes DNA variation of mutation or polymorphisms. However, prior knowledge 
of the sequence of the gene transcripts is required before their expression levels are 
analyzed by cDNA microarray hybridization which yields relative expression level. 
cDNA microarrays can provide the gene expression profile for tens of thousands of 
genes in a single experiment (Duggan et al” 1999). In my studies, DNA targets, 
Expressed Sequences Tags (ESTs), were spotted onto glass microarray slides and 
probed with fluorescent-labeled cDNAs. 
About 480 clones were selected from ESTs for microarray hybridization; these 
ESTs had been used to identify SAGE tags. The results from microarray not only 
show the differentially expressed genes in mycelium and primordial stages of L 
edodes, but also can be used to confirm the results obtained from SAGE tags. 
Among 480 microarray hybridization clones, 124 clones were shown 
differentially expressed in mycelium stages and 332 clones were differentially 
expressed in primordial stages. The cellular role of the microarray hybridization 
clones were categorized by the classification method development by the Expressed 
Gene Anatomy Database (EGAD) by The Institute for Genomic Research (TIGR). 
The relative expression of SAGE tags and microarray analysis were more 
consistent when the abundance of SAGE tags were higher. The consistence increased 
when the SAGE tags were obtained from primordial SAGE library. 
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3.2 Materials and Methods 
3.2.1 Microarray chip preparation 
L. edodes DNA Microarray slides were constructed by Miss Rita Shiu of our 
laboratory. The Microarray containing about 500 elements that included more than 
450 unique cDNA expressed sequence tags (ESTs) clones along with a number of 
control genes having predictable expression patterns. Clones from ESTs were 
obtained previously in our laboratory. They were robotically printed on the chip for 
hybridization after amplified by PCR and purified. 
3.3.2 Sample preparation 
Total RNA from mycelium and primordium stages was extracted using TRI 
Reagent® (Molecular Research Center, Inc.) (Section 2.2.1). Quantity and quality of 
the RNA were analyzed by spectrophotometer (GeneQuant) and denaturing gel 
electrophoresis (Section 2.2.2). To reduce bias produced during hybridization in 
microarray, the amounts of RNA samples from both dikaryotic mycelium and 
primordium of L edodes should be the same when they were used as the starting 
material of microarray hybridization. In order to determine their quantity and quality, 
denaturing gel electrophoresis and spectrophotometer were applied (Figure 3.3). 
Since pH of RNA solutions may significantly affect the absorbance ratio 
(OD260/OD280), measurements were taken in lOmM TE buffer (lOmM Tris; pH 7.5 
and ImM EDTA; pH8.0). cDNA synthesis were proceeded only when the 
absorbance ratio (OD260/OD280) is higher than 1.9. Quantity and quality of the RNA 
were also analyzed by denaturing gel electrophoresis. RNase-free reagents, water 
and plastic wares were used when working with RNA. All components were kept on 
ice. 
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3.2.3 cDNA Synthesis and Sample labeling 
2[ig of the total RNA sample from mycelium and primordium was used as the 
starting material to generate sufficient labeled cDNA for hybridization to the cDNA 
Microarray slide (Figure 3.1). Two reaction mixtures were prepared within two 
labeled RNase and DNase free tubes. Both tubes contained 2|jl of the total RNA, 5|jl 
of the diluted control RNA, and Ipl Reaction Mix Concentrate. Then, l)jl of 
Fluorescein Nucleotide was mixed with the tube of reaction mixture, and l)jl Biotin 
Nucleotide was mixed with the other reaction mixture. RNase-free water was added 
to both mixtures to obtain a total 20|ul of reaction volume. Both tubes were incubated 
at 65�C for 10 minutes to denature any secondary structure within the RNA sample. 
After incubation at 65°C，the tubes were cooled to room temperature (25°C) for 
5 minutes for annealing the primers to the RNA template. Then, both reaction 
mixtures were warmed to 42°C for 3 minutes and mixed with 2.5|jl lOX RT reaction 
buffer. Following gentle mixing, 2.0pl of the AMV RT/RNase Inhibitor Mix was 
added in both reaction mixtures for one-hour incubation. 
The RNA temples were hydrolyzed after they had been incubated at 42�C for 60 
minutes. Both mixtures were cooled to 4°C for 5 minutes and then mixed with 2.5M1 
“of EDTA (0.5M, pH 8) to stop the reaction. 2.5ul ofNaOH (l.ON) was added to both 
tubes for hydrolysis initiation after the reactions had mixed well with EDTA. Then 
the mixtures were incubated at 65°C for 30 minutes. The incubation period should 
not be longer than 30 minutes. After the 65�C incubation, both tubes were cooled to 
4°C for 5 minutes, and then mixed with 6.5pl of Tris HCl (IM, pH 7.5) for 
neutralization. The cDNA samples were purified after they had been synthesized by 
the above procedures. 
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3.2.4 cDNA Purification 
Both tubes of cDNA sample were purified by the I PA precipitation procedure. 
First, each sample was mixed with 2.1\\\ of 5M Ammonium Acetate and 31 pi of 
100% I sopropyl Alcohol (IPA) by vortex. Second, the mixtures were incubated at 
4°C for 30 minutes. Then, both tubes were centrifuged at 10,000Xg for 15 minutes at 
4�C. 
After centrifugation, supernatant from each tube was carefully removed. The 
pellet left in each tube was washed twice with lOOjjl of 70% ethanol. lOOpl of 70% 
EtOH was added to each tube and then both tubes of reaction mixtures were mixed 
by vortex followed by centrifugation with 7,500Xg at 4°C for 10 minutes. Then, the 
supernatant was removed for a second 70% EtOH washing. After the second wash, 
the supernatant was removed as much as possible and the pellet within each tube was 
air dried to near dryness in Speed Vacuum. Both pellets were resuspended by 20|jl of 
Hybridization Buffer. 
Then, both mixtures were kept at room temperature (25°C) for 10 minutes with 
occasional mixing by vortex. l|jl of each labeling reaction mixture was removed and 
added into of TE buffer (lOmM Tris-HCl, pH 7.5; ImM EDTA) for serial 
dilutions of cDNA analysis and the remaining labeled probes were stored at -20°C. 
3.2.5 cDNA analysis 
cDNA probes had been analyzed before they were hybridized onto the 
microarray slide (Figure 3.4). It is because we have to confirm that the amount of 
cDNA probes were sufficient to provide good results after hybridization and 
detection. Since strong signals of all spots including controls and labeled cDNA 
probes were visualized, the quality and quantity of the labeled cDNA probes are 
good enough for microarray hybridization and TSA detection. Serial dilutions of the 
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FL Control cDNA and the Biotin Control cDNA (TSA™ Labeling and Detection Kit) 
were prepared by TE buffer. 2|jl of each Control cDNA was added into 18|al of TE 
buffer to produce 1:10 dilution. Then, two fold dilutions (Spl into 5|jl of TE buffer) 
were performed to prepare 1:20, 1:40 and 1:80 dilutions. 
1:10 dilutions of the Biotin and FL labeled cDNA probes were prepared 
separately into two labeled RNase and DNase free tubes (section 3.2.6). Then, two 
fold dilutions (5|jl into 5pl of TE buffer) were performed to prepare 1:20 and 1:40 
dilutions. 
An about 8 cm X 8 cm piece of GeneScreen Membrane (TSA™ Labeling and 
Detection Kit) was used for cDNA probe analysis. A line that divided the membrane 
into four 2 cm X 8 cm area was drawn by using a pencil and a clean ruler. Four areas 
were marked as "test" or "control" fluorescein and "test" or "control" of biotin. Ipl 
of each successive dilution was spotted onto the membrane in rows of duplicates by 
using the pipetment. The pipet tip should not be contacted with the membrane. 
Having been spotted all dilution, the membrane was air dried. 
The dried membrane was then wet into approximately 10ml of 2X Sodium 
Citrate-Sodium Chloride (SSC) (Life Technologies, Inc) (0.3M Sodium, 0.03M 
“Sodium Citrate, pH 7.0) by dipping the edge of the membrane rather than 
submerging spotted portion of membrane into 2X SSC. The membrane was then 
placed on a plastic wrap. After drying, cDNA spots were fixed to the membrane by 
UV cross linking in a Stratalinker (Automatic cross link program: 1200 x 10^  
microfoules: Strategene, La Jolla, CA). 
Then, the entire membrane was placed in a scalable plastic pouch (i.e., pouch 
used for membrane hybridization) by using a plastic forceps. 3.5ml of BSA was 
added into the pouch after the membrane had been placed well into it. Air bubbles 
produced when B SA was adding into the pouch so the bubbles had to be pressed 
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before the pouch was heat sealed. Having been sealed, the membrane was incubated 
in the pouch for 30 minutes with gentle agitation using a shaker. 
During incubation, the conjugate solution was prepared by adding 20|jl each of 
Anti RL-HRP Confugate and Streptavidin-HRP Confugate into 3.5ml of TNB-10% 
BSA (9ml TN Blocking Buffer (0.5% Blocking Reagent) and 1ml BSA). This 
conjugate solution should be used within 10 minutes. 
After the 30 minutes incubation, the plastic pouch was cut open. The membrane 
in the pouch was removed into a new pouch after the BSA had been poured off. The 
entire conjugate solution was added into the new pouch containing the membrane. 
Then，bubbles were pressed out and the pouch was heat-sealed. The membrane was 
incubated in the pouch for 30 minutes with gentle agitation by a shaker. 
After the incubation, the pouch was cut open and the membrane was put into a 
clean dish containing at least 20ml of TNT buffer (O.IM Tris-HCl; ph 7.5, 0.15M 
NaCl, 0.05% Tween-20). The membrane was then washed for four times with 20ml 
of TNT buffer with vigorous agitation for 5 minutes. During the washing, 4CN Plus 
Working reagent was prepared by adding 1ml of 4CN Plus Diluent into 9ml 
double-distilled water and then mixed with 200)jl 4CN Plus Substrate .This reagent 
should be used within 5 minutes. 
After the fourth wash, the membrane was placed into another clean incubation 
box： The 4CN Plus Working reagent was pipetted over the membrane ensuring 
complete coverage of the membrane surface. Then, the incubation box with the 
membrane was covered so that the membrane was incubated with the 4CN Plus 
Working reagent in dark for 30 minutes. 
After the incubation, all spots should be visible so as to continue the experiment 
of Microarray hybridization (Figure 3.3). 
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3.2.6 Array Hybridization 
3.2.6.1 Sample Preparation 
When good results were shown in above cDNA analysis, FL and biotin labeled 
cDNA probes were mixed to total volume 38|jl in a DNase- and RNase-free PCR 
tube. The tube containing the labeled probes was tightly capped, and then the labeled 
cDNA probe mixture was heated at 90°C for 2 minutes. The condensate was spun 
down to ensure a full volume recovery and proceed to the next step as soon as 
possible. 
3.2.6.2 Hybridization Procedure 
First of all, the glass microarray slide should be positioned well. The Coming 
Microarray Hybridization cassette was placed onto the lab bench so that the glass 
slide with the cDNA microarray spotted on it was well positioned in it. Then a glass 
cover slip was slowly and carefully placed on the glass slide with the cDNA 
microarray spots so as to prevent air bubbles from producing. The cover slip should 
be placed in a way to cover all spots on the glass slide and the air bubbles under the 
cover slip were pushed out by pressing the cover slip gently with a pipet tip. 
" After the glass cover slip had been placed on the glass slide, all 38|jl of the FL 
and biotin labeled cDNA probes mixture was pipetted onto the edge of the cover slip 
gently. The material was allowed to be drawn underneath the cover slip by capillary 
action (Figure 3.2). When the sample liquid was spread evenly across the area 
between the inside of the cover slip and the array matrix, 30口1 of 2X SSC was added 
to each well. Then the Coming Microarray Hybridization cassette was capped firmly 
I 
in 0 rder t o p revent t he cover s lip from s lipping off or w ater entering t he c assette 
during incubation. 
Finally, the Coming Microarray Hybridization cassette containing the 
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microarray slide was placed in a 65°C incubator. The cassette was level and stable in 
the incubator and was allowed the hybridization to proceed for 16 hours at 65°C. 
3.2.7 Stringency Washes 
0.5X Sodium Citrate-Sodium Chloride (SSC), 0.01% Sodium Dodecyl Sulfate 
(SDS), 0.06X SSC, 0.01% SDS and 0.06X SSC were prepared from 20X SSC (3M 
Sodium Chloride, 0.3M Sodium Citrate, pH 7.0) and 10% SDS solution. After 
incubation, the hybridized slide was vertically immersed in 30ml wash solution 
(0.5X SSC, O.OIX SDS) in a 50ml conical tube. The cover slip should be slid off 
under its weight. The slip was removed and the microarray slide was placed in a new 
conical tube with buffer and washed for 5 minutes with gentle agitation on a shaker. 
Then, the microarray slide was washed in 30ml of 0.06X SSC, 0.01% SDS with 
gentle agitation for 5 minutes followed by washing with 30ml of 0.06X SSC with 
gentle agitation for 5 minutes. 
3.2.8 Detection with TSA 
The hybridized slide was firstly placed on a level stand to ensure an accurate 
-placement of the blocking buffer over the entire array. Then, the slide was blocked 
with 600M1 of TNB-10% BSA (9ml TN Blocking Buffer (0.5% Blocking Reagent) 
and, 1ml BSA) followed by rinsing with 30ml TNT buffer for 1 minute with agitation 
Secondly, the slide was incubated with 300)jl of Anti-FL-HRP Conjugate 
Solution (4.0pl Anti-FL-HRP Conjugate and 400口1 of TNB-10% BSA Buffer) for 10 
minutes. After incubation, the slide was rinsed with 30ml of TNT buffer 3 times for 1 
minute with agitation. 
Thirdly, the slide was incubated with 300|il of Cyanine 3 Tyamide Solution 
(Cyanine 3 Tyamide Solid was reconstituted with 20)jl of Dimethyl Sulfoxide 
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(DMSO) (Sigma Chemicals) and then Ipl of the reagent was diluted into 500)jl of 
Amplification Diluents) for 10 minutes. After incubation, the slide was rinsed with 
30ml TNT buffer 3 times for 5 minute with agitation. 
Fourthly, the slide was incubated with SOOpl HRP Inactivation Solution (lOpl 
3M Sodium Acetate and 290)il of HRP Inactivation Reagent) for 10 minutes and then 
rinsed with 30ml TNT buffer 3 times for 1 minute with agitation. Moreover, the slide 
was incubated with 300|jl of Streptavidin-HRP Conjugate Solution (4|jl of 
Streptavidin-HRP Conjugate and 400|jl of TNB-10% BSA) for 10 minutes and 
rinsed with 30ml of TNT buffer 3 times for 1 minute with agitation. 
Finally, the slide was incubated with Cyanine 5 Tyamide Solution (Cyanine 5 
Tyamide solid was reconstituted with 20|jl DMSO and then Ipl of the reagent was 
diluted into SOOpl of IX Amplification Diluents) and rinsed with 30ml of TNT buffer 
3 times for 5 minutes with agitation. Then, the slide was rinsed with 0.06X SSC once 
for 1 minute with agitation. 
All incubation steps excluding rinses were performed by pipeting specified 
solutions directly onto the microarray matrix on a level stand. The solution was stood 
for the specified incubation period in a covered container out of direct light. Also, the 
“covered container was wet to prevent drying at any step that might result in increased 
background. Moreover, each steps of washing were performed at room temperature 
and in different new conical tubes containing different solutions. It was because 
lower temperature could result in precipitation of reagents. Furthermore，only one 
conical tube was used would waste time to change solution. All TSA detection 
washes should be done with agitation to reduce background and each step was 
performed as quickly as possible to minimize time to prevent drying. So, it was 
better to prepare all solutions in different 50ml conical tubes before performed the 
Stringency Washes and the TSA detection washes. These procedures were followed 
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by Manual of MICROMAX™ TSA™ Labeling and Detection Kit (NEN ® Life 
Science Products Inc.) 
Having finished the TSA detection washing, the slide was dried by 
centrifugation with 2500Xg for 2mins in a 50ml conical tube. Then the dry slide was 
placed into a new dry 50ml conical tube for storage. 
3.2.9 Scanning and Analysis 
The dried slide was scanned by ScanArray® 4000 (Biochip Technologies, 
Packard Bioscience, Inc.) and then analyzed by QuantArray® Microarray Analysis 
Software (Biochip Technologies, Packard Bioscience, Inc.) 
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A. 
cDNA clones were PCR amplified and purified 
cDNA clones were robotic printed on microarray slide 
^ ^ M^cenalKNA 卩丨丨丽 d _ A 
I ^ 
，r 
Reverse transcripted and labeled with fluor dyes 
�^ ^ ^ 爪 於 
Labeled probes were hybridized to the 
^ ^ ^ ^ ^ ^ microarray slide 
y 
Laser 1 \ / [ a s e r ^ 
^ 1 The microarray slide was scanned and the 
^ J expression of the cDNA probe were analyzed 
< ^ 
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B. 
Fig. 3.1 A. A sehmiatic ofeDNA microafray (David et al., 1999). Firstly, m^A was 
isolated firom dikaryotic mycelium and primordiiiin of L‘ edodes. Secondly, reverse 
tr^iscriptiott was used to incorporate fluorescent-dye-coniugated nucleotides into 
eDNA. The fluorescent probes from each developmental s t ^ e were then 
simidtaneously probed to a microarray of 480 clones from primordiTim of edodes. 
Finally, the microarray was scanned by ScanArray® 4000 (Biochip Technologies, 
Packard BioSeknee, Inc.) and then analyzed by QuantArray® Microarray Analysis 
Software (Biochip Technologies, Packard Bioscience，Inc.} Fig.S.lB. A portion of the 
microarray slide containing the labeled cDNA probes from dikaryotic mycelium and 
primorcfon o fZ . edodes. The microarray probes derived from Dikaryotic mycelium 
were labeled! with Cye 3 dye (green) and that from primordimn were labeled with Cye 
5 dye (red). 
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A. The Microarray cassette was placed on brenchtop and 30|il 2X SSC was 
added to each black rectangle well. s 
B. the glass cDNA array slide was placed directly over the cassette. 
C. Cover slip was placed over the cDNA array slide, it was ensured all 
cDNA spots were covered by the slip. 
. I l l 
LU \a] 
D. all labeled sample was gently pipetted to the slide of the cover slip. 
The liquid was spread evenly across the area between the inside of the 
cover slip and the array matrix. 
* w 
Fig. 3.2 Procedures for using the Microarray cassette, adding the coverslip and 
loading the probe onto the Microarray (NEN® Life Science Products Inc.). 
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3.3 Results 
Denaturing gel electrophoresis was used to examine the quality and quantity of 
the RNA samples from dikaryotic mycelium and primordium of L edodes (Figure 
3.3). Sample 2 and sample 4 showed similar levels and were used as starting 
materials for microarray hybridization. The quantities of the RNA samples were 
determined by measuring their absorbance before denaturing gel electrophoresis. The 
RNA samples used have the absorbance ratio OD260/OD2801.9 士 0.1. 
Before carrying out microarray hybridization and TSA detection procedures, 
labeled cDNA probes were further analyzed by semi-quantitative, membrane-based 
colorimetric analysis to ensure their quality (Figure 3.4). All spots were visualized 
on the GeneScreen Membrane. The spots from the serial dilutions of labeled cDNA 
probes from dikaryotic mycelium and primordium showed similar levels that were 
brighter than the control spots. 
The relative abundances of transcripts obtained from SAGE of dikaryotic 
mycelium and primordium were mostly confirmed by microarray hybridization 
which determined the relative gene expression levels. In this study, the cDNA 
microarray contained 504 elements which were hybridized with the probes twice in 
the following methods. First time, probes from dikaryotic mycelium and primordium 
were labeled with FL and biotin respectively. Second, the labels were reversed, i.e., 
RNA samples from dikaryotic mycelium and primordium was labeled with biotin 
and FL respectively. Since each clone was spotted 3-times on the microarray slide, 
six sets of data were obtained for each clone. Among all ESTs clones, 124 clones 
were shown differentially expressed in dikaryotic mycelial stages, 332 clones were 
shown differentially expressed in primordial stages and 24 clones had similar 
expression in both stages. Most of them had a low expression level in both dikaryotic 
109 
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mycelial and primordial stages. 
The cellular roles of the microarray hybridization clones were categorized by 
EGAD (Table 3.4). In mycelial stages, 3% hybridization clones were involved in cell 
division，2% hybridization clones were involved in cell signaling, 4% and 6% clones 
were belonged to cell structure and cell defense respectively, 7% clones for 
gene/protein expression, and 13% for metabolism. In primordial stages, 1% and 3% 
of hybridization clones were involved in cell division and cell signaling respectively, 
2% in cell structure, 5% in cell defenses, 30% clones in gene/protein expression, and 
13 % in metabolism. 
Comparing the results obtained from SAGE with that from Microarray, the 
differentially expressed gene tags were consistent in both technologies especially 
when the abundance of the SAGE tags was high (Table 3.2). The comparison of the 
gene expression level between SAGE tags obtained from dikaryotic mycelium and 
primordial SAGE libraries with copy numbers more than or equal to 3 and the clones 
referred to these SAGE tags obtained by microarray were listed in Table 3.1. The 
percentage of consistence of the relative of expression level between microarray 
analysis and SAGE tags decreased when the copy number of the SAGE tags 
increased (Table 3.3，figure 3.5). 
The relative expressions of microarray were also compared with the Dot-blot 
hybridization of the ESTs, 41% of the relative expressions of the ESTs were 
consistent to the microarray analysis (Table 3.5). 
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1 2 3 4 5 6 7 8 
Fig. 3.3 Denaturing gel electrophoresis of RNA samples from dikaryotic mycelium 
and primordium of L. edodes for checking the RNA Quantity and Quality. 
Lane 1 to 4 were samples from mycelium RNA and lane 5 to 8 were samples from 
primordium RNA. Lane 2 was Ipl sample, lane 1 and 4 were 2\x\ sample, lane 3 was 
1.5|jl sample, lane 5 was 4pl sample, lane 6 was 6pl sample, lane 7 was 8|jl sample 
and lane 8 was 10|jl sample. 
Lane 3 and 6 had similar brightness so sample 3 and 6 were used as starting material 
for microarray. 
* iw. 
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1:10 1:20 1:40 1:80 
FL-C 
FL-M 
B-C • • . 
B-P ：:“ 
Fig 3.4. GeneScreen m e m t e i e of cDNA analysis. Serial dilutions hlO, 1:20, 1:40 
m d !:肪 sotoioBS of t f ^ FL C _ o t cDNA m ^ tite Biotin CcMitroI cDNA were 
prepafed aad spotted on membrane. FL-C means FL eofftFoI cDNA and B-C means 
Bi«tm CairtFol cDNA. FL-M me如s FL labeled cDNA probes from dikaryotic 
mycelium and B-F means Biotin labeled cDNA probes from primordium. Alt samples 
were ( fc^ka ted All {ffobe spots were visible. The FL and the Biotin M)eled cDNA 
samples were synthesized. 








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 3.2. Gene expression profile of SAGE tags obtained from mycelia and 
primordial of L. edodes consistent to that of Microarray hybridization clones. 
Different ranges of SAGE tags abundance including the copy number of SAGE tags 
less than 3, 3 to 8 , 9 to 15, 16 to 39 and more than 40 were compared with 
microarray data. Some cDNA clones were found only in SAGE while they were not 
amplified and robotic printed on the microarray slide for hybridization. 
Mycelium Primordium 
SAGE tag No. of tags in No. of No. of tags in No. of 
copy no. microarray consistent tags microarray consistent tags 
>40 3 3 1 1 
16 to 29 1 0 5 4 
9 to 15 1 0 5 3 
3 to 8 15 4 29 19 
<3 53 8 68 19 
Total 73 15 108 46 
Note: 
* The results from SAGE of dikaryotic mycelium. 
** The results from SAGE of primordium. 
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Table 3.3. Percentage of consistence between gene expression of SAGE tags and 
Microarray hybridization clones. 
Mycelium Primordium 
SAGE tag copy no. % of consistence % of consistence Total 
>40 100% 100% 100% 
16 to 29 0% 80% 67% 
9 to 15 0% 60% 60% 
3 to 8 27% 66% .52% 
<3 15% 28% 22% 
Total 21% 43% 34% 
• 一 二 — — ? 
if • i- — 广 “ 1 • consistent ：‘ 
I • -~— 二 primordium | ！ 
I h f f r ; ' 一 丨丨 
9 — a I — 身 、 ‘ • consistent 
m — m m - i j r . ： mycelium SAGE；： 
國 4 國 ^ M f e i 
H — B i M M - I m h - m m r - ‘ • consistent total :； 
。 i d j i i i i i i a j i 丨 _ 





Figure 3.5. Percentage of consistence between gene expression of SAGE tags and 
Microarray hybridization clones. 
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Table 3.4. Cellular roles of microarray hybridization clones in mycelium and 
primordial stages of L. edodes. 
% of clone expressed % of clone expressed 
Cellular role* 
in mycelium in primordium 
1 Cell division 3% 1% 
2 Cell signaling 2% 3% 
3 Cell structure 4% 2% 
4 Cell defense 6 % .5% 
5 Gene/protein expression 7% 30% 
6 Metabolism 13% 13% 
7 Unclassified 65% 47% 
Total 100% 100% 
Note: 
Cellular roles of the microarray hybridization clones were categorized by the 
classification method development by the Expressed Gene Anatomy Database 
(EGAD) by the Institute for Genomic Research (TIGR). 
* •v 
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Figure 3.6. Cellular role of microarray hybridization clones in mycelium and 
primordial stages of L. edodes. 
Note: 
Cellular roles of the microarray hybridization clones were categorized by the 
classification method development by the Expressed Gene Anatomy Database 
- ( E G A D ) by The Institute for Genomic Research (TIGR). 
Table 3.5. Comparison of the results of Microarray and Dot-blot (Ng, 2000). 
No. of microarray hybridization clones 
Total clones in microarray 480 
Co-exit in dot-blot and microarray 215 
Consistent to dot-blot gg 
Percentage of consistence 41 o/^  
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3.4 Discussion 
After microarray hybridization and TSA detection, the hybridized probes were 
scanned by ScanArray® 4000 (Biochip Technologies, Packard Bioscience, Inc.) and 
then quantified by QuantArray® Microarray Analysis Software (Biochip 
Technologies, Packard Bioscience, Inc.). The gene expression profile of the 
identified SAGE tags was analyzed by cDNA microarray hybridization. The cDNA 
microarray hybridization was used to confirm the result obtained from SAGE. 480 
ESTs that had been used to identify the SAGE tags were selected for microarray 
hybridization. However, a small part of the ESTs that matched with the SAGE tags 
were not dot in the microarray. 
Among the ESTs clones, 124 microarray hybridization clones were highly 
expressed in dikaryotic mycelium and 332 microarray hybridization clones were 
differentially expressed in primordium (Table 3.2). There may have two reasons why 
more microarray hybridization clones were differentially expressed in primordial 
stages. First, the clones were obtained from 480 ESTs which were generated from 
primordium of L. edodes. Second, living conditions and mushroom structure seems 
more complex in primordial stages than in mycelial stages. More expressed genes 
are necessary for growth and development. 
The cellular roles of the microarray hybridization clones were categorized by 
EGAD (Table 3.4，figure 3.5.). When analyzed the cellular roles of the microarray 
hybridization clones differentially expressed in mycelium with that in primordium, 
small proportion of microarray hybridization clones is involved in cell division and 
signaling during both developmental stages. The relative expressions of genes 
encoding for cell division, cell signaling and cell structure were less than that 
encoding for other classes of cellular roles. It is indicated that small amounts of these 
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genes were enough to regulate and amplify other genes and proteins to function. 
More differentially expressed genes were involved in metabolism and gene/protein 
expression during both developmental stages. It seems that larger amounts and more 
varieties of proteins for metabolism and gene/protein expression are necessary to 
maintain growth and development of L. edodes. These results show consistent to the 
observation of the classes of cellular roles obtained from the unique SAGE tags in 
both mycelial and primordial stages. Also, the relative expression of those structural 
genes Le.hydl’ Le.hyd2 and Le.hydS are consistent with SAGE results. Le.hyd2 and 
Le.hydS are highly expressed in mycelial stages while Le.hydl is highly expressed in 
primordial stages. This gives evidence of SAGE conclusion that different structural 
proteins are important in different developmental stages. 
More genes involved in gene/protein expression were differentially expressed in 
primordium than that in mycelium. Larger amounts and varieties of proteins may be 
necessary for growth of primordium, so that genes encoding for ribosomal proteins 
are highly expressed in primordium. This result is consistent to the conclusion made 
from SAGE results that massive translation occurs during fruiting. 
The relative expression of genes encoding for metabolism is consistent from 
cDNA microarray and SAGE. The amounts of unique genes for metabolism in both 
developmental stages of L edodes are almost the same. 
Besides, the amounts of genes involved in cell defenses are no significant 
difference between mycelium and primordium. However, from SAGE results, the 
amounts of SAGE tags involved in cell defenses are quite different between 
mycelium and primordium. It may be due to the sequence of the gene involved in 
cell defense that may affect the efficiency of microarray hybridization. 
Some of the results from microarray hybridization were not consistent to SAGE 
results; most of the inconsistent SAGE tags had homology to sericin or serine-rich 
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proteins. Genes encoding these proteins contain repeating sequences, for example 
PEL0199 containing 40 serine (Ser)，28 threonine (Tlir) and 9 copies of Ser-Thr is 
homology to sercine. During hybridization, each sequence in the Microarray 
hybridization clones may hybridize with more than one cDNA probes, or the cDNA 
probes may cross hybridize to other clones which contain similar repeating 
sequences so that microarray hybridization ratios may be affected. 
Apart from the above hypothesis, the microarray hybridization ratio may not be 
as same as the SAGE tags abundance, for example, results from SAGE and 
microarray showed that hydrophobin 1 are differentially expressed in primordium, 
however, the SAGE tags abundance of hydrophobin 1 are the highest when its 
hybridization ratio are not high by microarray analysis (Table 3.1). This may be 
explained by the length of the sequences. Long cDNA probe sequence may fold in 
themselves, as a result of intramolecular Watson-Crick base pairing which may hide 
parts of cDNA probe from the microarray hybridization clones (Southern et al., 
1999). The relative expressions of these SAGE tags (e.g. hydrophobin 1) were also 
said to be consistent with the microarray analysis. 
Comparing the results obtained from SAGE and Microarray, the gene 
expression profile of higher abundance SAGE tags are more consistent with 
microarray hybridization clones (Table 3.3，figure 3.5). The relative expression 
levels of SAGE tags with copy numbers more than 40 are 100% consistent with the 
relative expression levels of microarray analysis. For examples, hydrophobin 1 and 
ubiquitin were differentially expressed in primordium while hydrophobin 2 and 3 
were differentially expressed in mycelium. On the contrary, the consistence of the 
relative expression of SAGE tags containing copy numbers less than 3 and that of 
microarray analysis are less than 30%. 
Microarray hybridization analysis is based on quantization from two-dye 
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hybridization signals. Data are obtained by image analysis (Duggan et al, 1999) and 
sometimes the signals were too low to distinguish small differences in amounts of 
gene transcripts. In addition, the smaller amounts of low level probes may be 
difficult for hybridization among a large number of clones. 
The relative expressions of SAGE tags obtained from primordium were more 
consistent with the relative expression of microarray analysis, probably because the 
cDNA clones on the microarray were obtained from primordium. 
A total of 54% of SAGE tags and 41% of ESTs in Dot-blot have relative 
expression that consistent with microarray analysis. The relative expression of some 
inconsistent gene transcripts can be further confirmed by Northern hybridization. 
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Chapter 4 Full Length cDNA Sequence Analysis 
4.1 Introduction 
Using the Serial Analysis of Gene Expression (SAGE) technology, about 7,000 
SAGE tags from mycelium and primordial stages of Lentinula edodes {L. edodes) 
were obtained (Chapter 2). Since SAGE is based on the generation of 9 to 13bp tags 
from a unique position within each mRNA, the SAGE tags were too short to match 
with the putative homolog in on-line databases using algorithm such as 
BLASTX+BEAUTY at the Baylor College of Medicine (BCM) search launcher. 
SAGE tags from mycelium and primordium of L edodes were matched with 
ESTs from primordium of L edodes. The matched and unmatched SAGE tags in 
both stages were listed (Table 2.5 and 2.6). Some of the ESTs that we are interested 
in matched with the abundant SAGE tags with low to high similarity to their putative 
homologue. Their full length sequences were determined using primer walking 
strategy and the sequences were analyzed. 
The abundant SAGE tags include several serine-rich proteins, methallothioneins, 
ubiquitin, and B2-aldehyde forming enzyme. Their cDNA clones were fully 
sequenced and matched with the NCBI sequence database. Three cDNA clones were 
highly significantly matched with ubiquitin, B2-aldehyde forming enzyme and 
neurofilament protein H respectively. Their sequences revealed about 880bp for 
B2-aldehyde forming enzyme, about 660bp for ubiquitin and about 1380bp for 
neurofilament-H. Other cDNA clones do not have putative homologs, their open 
reading frames were translated into amino acid sequences and analyzed. 
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4.2 Materials and Methods 
ESTs clones corresponding to the SAGE tags were sequenced by using the ABI 
PRISM™ dRhodamine Terminator Cycle Sequencing Ready Reaction DNA 
Sequencing Kit (Perkin-Elmer). 10 of sequencing reaction containing 4^1 dTRRM, 
2^1 of gene specific primers and 0.2 to 0.5 |ng of plasmid template. To obtain the full 
length sequences of the ESTs, both two opposite ends T3 (5' 
AATTAACCCTCACTAAAGGG 3') and T7 (5，GTAATACGACTCACTATAGGGC 
3，) primers were used for the first time sequencing. PCR reaction was performed for 
25 cycles of 95�C，1 minute; 95�C，30 seconds; 50�C，30 seconds; 60�C, 4 minutes. 
After the sequence-PCR, the reaction products were purified by EtOH 
precipitation. 3M Sodium Acetate (pH 4.2)，95% EtOH and glycogen were 
mixed with the reaction product on a 1.5 Eppendorf. Having mixed by vortex, the 
mixture was freezed in -20°C for 15 minutes for precipitation and then, centrifuged 
at 14,000rpm for 30 minutes. After centrifugation, supernatant was excluded without 
disturbing t he p ellet. T he p ellet w as t hen washed b y 70% E tOH a nd air d ried b y 
Speed vacuum. When the pellet was totally dried, it was resuspended into lOpl of 
Template Suppression Regent (TSR). The mixture was denatured at 95°C for 2 
minutes and then cooled on ice as soon as possible. 
For analysing the sequences, the mixture was put into ABI PRISM 3100 
Genetic Analyzer (Perkin-Elmer) and then edited by SeqEd version 1.0.3 
(Perkin-Elmer). The edited sequences were matched with the putative homolog using 
BLASTX+BEAUTY programs on WWW server at the Baylor College of Medicine 
(BCM) Search Launcher (URL: http://dot.imgen.bsm.tmc.edu:9331 /seq-search/ 
nucleic acid-search.html) and BLAST® search of NCBI sequence databases 
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http://www.ncbi.iilm.nih.gov/BLAST from the National Center for Biotechnology. 
Since the sequences generated from T3 and T7 might not assembly into full 
length cDNA sequences, gene specific primers were designed from the generated 
sequences by Oligo 4.0 software and used to re-sequence the ESTs clone. The 
sequences of the target genes were then translated into amino acid sequences. 
Multiple alignment was performed by ClustalW version 1.8 at EMBL Outstation at 
European Bioinformatics Institute (URL: http://www.ebi.ac.uk/clustalw). The ORF 
of the sequences were transferred into amino acid sequences and analyzed. 
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4.3 Results and Discussion 
The putative identities of some of the abundant SAGE tags that matched with 
ESTs are not clear, their P-value with their putative homolog were too low. Full 
length sequencing was performed to find out their putative identities or analyze the 
characteristics of their encoded proteins. The full length cDNA sequences of the 
clones B68, PEL0196, PEL0199，PEL0413, PEL0525 (homologous to 
neurofilament-H), PEL0710 (homologous to ubiquitin) and PEL1063 (homologous 
to B2-aldehyde forming enzyme) were obtained by using primer walking strategy. 
Their full length cDNA sequences are revealed as 1275bp (Figure 4.7.), 679bp 
(Figure 4.10.)，963bp (Figure 4.13.)，627bp (Figure 4.16.), 1471bp (Figure 4.19.), 
1698bp (Figure 4.22.), 733bp (Figure 4.1.) and 939bp (Figure 4.4.) respectively. 
Amino acid sequences were translated from ORF of each cDNA clone, ORF of 
cDNA clone B68 contains 285 amino acid (a.a.) (Figure 4.8.)，PEL0196 contains 
124a.a. (Figure 4.11.)，PEL0199 contains 195a.a. (Figure 4.14.)，PEL0413 contains 
92a.a. (Figure 4.17.), PEL0525 contains 306a.a. (Figure 4.20.), PEL0549 contains 
452a.a. (Figure 4.23.)，PEL0710 contains 159a.a. (Figure 4.2.), and PEL1063 
contains 137a.a. (Figure 4.5.). Their amino acid compositions were used to analyze 
and predict their physiochemical properties. The amino acid sequence of PEL0525, 
PEL0710 and PEL1063 cDNA clones were aligned with multiple sequences of their 
putative homologous obtained from other species. The amino acid sequence of 
ubiquitin domain o f c D N A c l o n e PEL0710 is highly conserved with that of other 
organisms (Figure 4.3.). The amino acid sequence of B2-aldehyde forming enzyme 
* ^ 
of the cDNA clone PEL1063 is conserved with that of other organisms (Figure 4.6.). 
To further analyze the predicted protein encoded from the ORF of each cDNA 
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clone, their hydrophobicity was determined by Hydropathy index (Kyte-Doolittle, 
1982). Predicted proteins from B68, PEL0196, PEL0199 and PEL1063 cDNA clones 
are slightly hydrophobic (Figure 4.9, figure 4.12, figure 4.15, figure 4.6.), predicted 
proteins from PEL0413 and PEL0549 cDNA clones are hydrophobic (Figure 4.17， 
figure 4.24.), predicted proteins from PEL0525 and PEL0710 are highly hydrophilic 
(Figure 4.21，figure 4.3.). Most of them are rich in valine and alanine; some of them 
are rich in serine and contain many serine-repeating sequence. 
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1 GGGCTCTAAT ACATCGAGGC TCTTGCTTTT GTCGAAGACT CCATCGTTAT 
51 TTCGTTGGAC AGACAGAGGC GTCCGAAAAC AAGATGCAGA TCTTCGTCAA 
101 GACCCTTACG GGCAAAACTA TCACCCTCGA GGTTGAATCC TCTGACACCA 
151 TTGACAATGT TAAGGCGAAA ATTCAGGATA AAGAAGGAAT TCCCCCTGAT 
210 CAACAGCGAC TCATTTTCGC TGGAAAACAA CTTGAGGATG GACGTACTCT 
2 51 GAGTGATTAC AACATTCAGA AAGAATCCAC CCTTCACTTA GTGCTGCGTC 
301 TTCGTGGTGG TGCCAAGAAG CGTAAGAAGA AAACTTACAA TACTCCTAAG 
3 51 AAAATTAAGC ACAAGCGCAA GAAGGTTAAG ATGGGCATCT TGAAATACTA 
401 TAAGGTGGAT TCGGATGGCA AGATCAAACG ACTCCGCCGT GAATGTCCTA 
i 
451 CTGCTGAATG CGGTGCCGGA ATTTTTATGG CCTTCCACAA GGATCGCCAG 
501 TACTGCGGCA AATGCGGTTT GACTTACACG TTCACTCCTG GTACCAAGCC 
551 TCCGGCAGTT TAAAGGGGAT GTGCGCCGTA GGCTATGCAC TTTAGGGTTC 
601 ACTACATTAT GTTATGCTCT TATACATGCC AATGACAGTC TTGCTCCTTG 
651 TTATCCTTGT TGTAAAAAAA AAAAAAAAAA 
Fig. 4.1. Full-length cDNA sequence of Le.Ubi. Specific primers used for 
sequencing were underlined and arrows were shown to indicate their directions for 
sequencing. 
M e t G i n l i e P h e V a l L y s T h r L e u T h r G l y L y s T h r H e T h r L e u G l u V a l G l u S e r S e r 
A s p T h r l i e A s p A s n V a l L y s A l a L y s l i e G i n A s p L y s G l u G l y l i e P r o P r o A s p G i n 
G i n A r g L e u l i e P h e A l a G l y L y s G i n L e u G l u A s p G l y A r g T h r L e u S e r A s p T y r A s n 
l i e G i n L y s G l u S e r T h r L e u H i s L e u V a l L e u A r g L e u A r g G l y G l y A l a L y s L y s A r g 
L y s L y s L y s T h r T y r A s n T h r P r o L y s L y s l i e L y s H i s L y s A r g L y s L y s V a l L y s M e t 
G l y l i e L e u L y s T y r T y r L y s V a l A s p S e r A s p G l y L y s l i e L y s A r g L e u A r g A r g G l u 
C y s P r o T h r A l a G l u C y s G l y A l a G l y l i e P h e M e t A l a P h e H i s L y s A s p A r g G i n T y r 
C y s G l y L y s C y s G l y L e u T h r T y r T h r P h e T h r P r o G l y T h r L y s P r o P r o A l a V a l 
Fig. 4.2. Amino acid sequence of ORF oi Le.Ubi translated from 104 to 583bp. 
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L.edodes MQI 3 
H. sapiens mqi 3 
N.crassa mq i 3 
S.cerevisiae MQI 3 
A. thaliana MQI 3 
0 . satova MQI 3 
S.commune MQI 3 
P.ostreatus SDTIDNVKAKIQDKEGIPPDQQRLIFAGKQLEDGRTLSDYNIQKESTLHLVLRLRGGMQI 6 0 
Ubiquitin domain **• — — • 
L.edodes F V K T L T G K T I T L E V E S S D T I D N V K A K I Q D K E G I P P D Q Q R L I F A G K Q L E D G R T L S D Y N I Q K 6 3 
H . sapiens F V K T L T G K T I T L E V E P S D T I E N V K A K I Q D K E G I P P D Q Q R L I F A G K Q L E D G R T L S D Y N I Q K 6 3 
W . c r a s s a F V K T L T G K T I T L E V E S S D T I D N V K Q K I Q D K E G I P P D Q Q R L I F A G K Q L E D G R T L S D Y N I Q K 6 3 
S.cerevisiae F V K T L T G K T I T L E V E S S D T I D N V K S K I Q D K E G I P P D Q Q R L I F A G K Q L E D G R T L S D Y N I Q K 6 3 
A . t h a l i a n a F V K T L T G K T I T L E V E S S D T I D N V K A K I Q D K E G I P P D Q Q R L I F A G K Q L E D G R T L A D Y N I Q K 6 3 
0.satova F V K T L T G K T I T L E V E S R H T I D N V K A K I Q D K E G I P P D Q Q R F I F A G K Q L E D G R T L A D Y N I Q K 6 3 
S . c o m m u n e F V K T L T G K T I T L E V E S S D T I D N V K A K I Q D K E G I P P D Q Q R L I F A G K Q L E D G R T L S D Y N I Q K 6 3 
p-ostreatus F V K T L T G K T I T L E V E S S D T I D N V K A K I Q D K E G I P P D Q Q R L I F A G K Q L E D G R T L S D Y N I Q K 1 2 0 
* * * * * * * * * * * * * * * * . . * • * • * * * * * * * • * * * • • . • • * * * * * • * * * * * . * * * * * * 
^ 20S ribosomal protein  
L. edodes ESTLHLVLRLRGGA KKRKKKTYNTPKKIKHKRKKVKMGILKYYKVD-SDGKIKRLR 118 
H. sapiens ESTLHLVLRLRGGA KKRKKKSYTTPKKNKHKRKKVKLAVLKYYKVD-ENGKISRLR 118 
N. crassa ESTLHLVLRLRGGG KKRKKKVYTTPKKIKHKRKKTKLAVLKYYKVD-SDGKIDRLR 118 
S.cerevisiae ESTLHLVLRLRGGG KKRKKKVYTTPKKIKHKHKKVKLAVLSYYKVD-AEGKVTKLR 1 1 8 
A. thaliana ESTLHLVLRLRGGA KKRKKKTYTKPKKIKHKHKKVKLAVLQFYKVD-GSGKVQRLR 118 
0. satova ESTLHHVLRLRGGA KKRKKKTYTKPKKIKHKHKKVKLAVLQFYKVDDATGKVTRLR 1 1 9 
* * * * * * * * * * * * * . . * . • . * . , 
L. edodes RECPTAECGAGIFMAFHKDRQYCGKCGLTYTFTPGTKPPAV ^ 1 5 9 
H. sapiens RECPSDECGAGVFMASHFDRHYCGKCCLTYCF 1 5 0 
N. crassa RECPNETCGAGVFMAAMQDRQYCGRCHLTYVF 1 5 0 
S.cerevisiae RECSNPTCGAGVFLANHKDRLYCGKCHSVY 1 4 8 
A. thaliana KECPNATCGAGTFMASHFDRHYCGKCGLTYVY-- I 5 0 
0. satova KECPNHDCGAGTFMANHFDRHYCRKCRLTYVY 1 5 1 
番華 • 攀 
• • • • • 
Fig. 4.3. Multiple sequence alignment of deduced amino acid sequences of different 
ubiquitin in different species by Clustal W. For consensus lines, ‘‘*，，indicates 
identical or conserved residues in all sequences in the alignment; “:’，indicates 
conserved substitutions; “.’，indicates semi-conserved substitutions. 
130 Ch.4 Full Length cDNA Sequence 
1 GGGTGGAAAA TTCCTCAAAC ACATTCCTTC TCCCTTCCTT CCTCGTTTCT 
51 CTTCCATTAC GCATTCATCA CACTCTCTCA TCATCGCCAT CGACAATCAT 
101 GATGTCTTTC GTTACCATCC TGTCATTTCT CTTCGCAACG ATCCTCATGG 
151 TGGTCTCTGC ACCTGTGGAG ACACCAGCAG AGCTGGACAA ACGAACAACT 
201 CATACTGGAA GGGGTACCTG GTTTGAACCC GGTTTGGGCA ATTGTGGCAA 
251 ATTCAATACT GCCAACGATC CTATCATCGC TATTCCGGAG ACTCTCTATG 
301 ACGAGAATCA TGGAAGTAAT TGCGGCCAGT GGATTCACAT CGTCGATGAG 
351 AGCACTGGCA AGGTCGTCTA TGGCCGTACA GAAGATAGTT GCCCAAGCTG 
401 CGGCGGCGGC GATCTAAATA TGTCGCCCGC CGTGTTCCAA CAATTTGCTT 
451 CTCTCGATGT CGGCATCTTG TCCATTTCTT GGTACTTCAT GCCCCAAGGG 
501 TGGTCGCCTT AAGACGTTTG TCCTCGTTTG TCCTGTCCCC TTCGATCCAA 
551 CAACCATAGA GGTCCCAGAA ATAACTCACA AGTTGATGTA TTTTTATGAA 
601 TTATTGTTCA TATACCTGTT TTACAGTGCA TGCACTGTCA CAAATCCTTC 
651 AAGTTGCTAG TTGCTTCTTT CTTTCCTTGC TCTGCGAGCG CATGCTTCTG 
701 ATATGATGTT TTGTATCGGA TACATACCCA TTTCATTTCC GATTGATTTC 
751 TGTATGTAGT AGGTTCGACA TTTATTACAT CCATATGTAC TTCCATTGGG 
801 CTACGGAGCG CGTCGTAAAA TGTGATTTTA TATGTCACAT TGGTCGTTCA 
851 GGA'TGATACT GTTCGGGTCC AGCAGTTAAA AAAAAAAAAA AAAAAAAAAA 
i 
Fig. 4.4. Full-length cDNA sequence of PEL1063 cDNA clones that homologous to 
B2-aldehyde forming enzyme. Specific primers used for sequencing were underlined 
„ and arrows were shown to indicate their directions for sequencing. 
Met Met Ser Phe Val Thr lie Leu Ser Phe Leu Phe Ala Thr lie Leu Met Val Val Ser 
Ala Pro Val Glu Thr Pro Ala Glu Leu Asp Lys Arg Thr Thr His Thr Gly Arg Gly Thr 
Trp Phe Glu Pro Gly Leu Gly Asn Cys Gly Lys Phe Asn Thr Ala Asn Asp Pro lie lie 
Ala lie Pro Glu Thr Leu Tyr Asp Glu Asn His Gly Ser Asn Cys Gly Gin Trp lie His 
lie Val Asp Glu Ser Thr Gly Lys Val Val Tyr Gly Arg Thr Glu Asp Ser Cys Pro Ser 
Cys Gly Gly Gly Asp Leu Asn Met Ser Pro Ala Val Phe Gin Gin Phe Ala Ser Leu Asp 
Val Gly lie Leu Ser lie Ser Trp Tyr Phe Met Pro Gin Gly Trp Ser Pro 
Fig. 4.5. Amino acid sequence of ORF of PEL1063 cDNA clones that homologous to 
B2-aldehyde forming enzyme, the sequence are translated from 119 to 532. 
131 Ch.4 Full Length cDNA Sequence 
L.edodeS _ S FVTILSFLFATILMWSAPVETPAELDKRTTHTGRGTWFEPGLGNCGKFNTANDPI160 
A.bisporus YKGDATFYDPGLGACGHTNQAHELVA 26 
S. commune MGACGQMNQASDFIV 15 
； * * *： • • . . 
L . e d o d e s A I P E T L Y D E N H G S N C G Q W I H I V D E S T G K W Y G R T E D S C P S C G G G D L N M S P A V F Q Q F A S L D 1 2 0 
A.bisporus ALPSAKYGS- -GDHCSKHVGIHYK- -GKYVKVKWDKGPGCGSNDLDISPTAF 75 
S.commune ALNQGMWDG--GAHCFKMITITVN--GKSTQAQIVDECPGCEYGGLDFSQGLFEYFSSTD 71 
* ： . ： . * : * : : * : * * . : *.*•.* * 
L.edodes VGILSISWYFMPQGWSP 137 
A . b i s p o r u s  
S . commune AGVLHGSWEY 81 
Fig. 4.6. Multiple sequence alignment of deduced amino acid sequences of different 
B2-aldehyde foiming enzyme in different species by Clustal W. For consensus lines, 
“*’’ indicates identical or conserved residues in all sequences in the alignment; “:，， 
indicates conserved substitutions; “.，，indicates semi-conserved substitutions. 
132 Ch.4 Full Length cDNA Sequence 
1 ACCTTCTTTC CCTTTCCTCC CTTCAGCACC GGTTTTCTTT AGTTTTCAAC 
51 TGAGCTCTTC GTCCTTAGCT TGAAGCAGGA TAACACATTC TTTTCTCATT 
101 TTCAAAACCC ACTGCACTCT CTCTCACTTC GATCCCTTCG CGTCAAGTAT 
151 TTTTCGAATT CAAATTTGGA TTAAATCGAC TTTAATCCCC AAATACAATG 
2 01 AAATTCACGA ATACTCTCTT CGCCGCTGGC GCATTTATTG TTTCTGTCTC 
251 TTCCATGCCC GTTCGACGTG ATGTCGATCC CAACTTGATT CCCCAGTTTG 
3 01 GACTCGCGGC TGGCATAAAT CCAGACGGCA CAGGAAATTG TGATGGAGTT 
351 GACGGACCAA ACGGTCAACC CATCTTGATC CCTTGTTCTT GTCCTCCCAA 
4 01 CCGCGACACT TTCATCACCG ACCTTAACGC CAATGTTGCG GCAGGCCACG 
451 CTGTGAACAA CCCGAGCGTT GCAGTTTCTT TTCCTTCAGA TAACTCGCAA 
5 01 GCGTCTCAAC TTGCCCGCAT TGACGCCGCA CTCGTCACAC TACAGAATTT 
551 GAACGGAGCC GGAGTCGGAT GTCCCGCTTC ATCTACTACC TTTGTAGCGC 
601 AACAGGCAGC TATTCAAGCT GGTACAGGTG ATGTTGCTGC TGCCTCAACA 
651 TCTGCCGTAG CTGCTGCTGC TCCTACTTCT GCTGCTGCCG CTGCTAGTTC 
701 CACCGCTCCA GCTACCGGTG GTGTAGATGC TTCACTCGTT CCCGAATTCG 
一 
751 GCGTTACAGC AGGCCAAAGC CCGGATGGTA CCGGAAACTG CATCGGTATT 
8 01 GATAACATCA AAATCCCTTG TAGCTGCCCT CCCGACCGGG ACACATTCAT 
851 CGCCGACTTG AACGCCAACG TTGCCGCTGG ACATGCCACC AATAACCCCA 
901 GTGTCTCCTT GTCATTCCCT ACTGGTAACA CCAATGCAGA CGCAGCAGCC 
951 CGTATTGAAG CCTCTATCGT GACCCTGCAA AACTTGAACG GACCCGGTGT 
1001 AGGTTGTCCA GCGGCCTCCA CAACTTTCTC CGCTCAACTA GCCGCAGTCC 
1051 AGTGAAGAAA CAGCCGGCCC CTAGTTTACA ATGGGTATCA TGTAGATGCG 
1101 CGGCATTCCA CAGTAGATGA AGTGAAGATA AGTGAAGATA ATTGAAGGTA 
- 1 1 5 1 CTGAAGATAT TGGAACTTGA AGCTACGCTA GCGTAGTGTA TTAACGTATC 
1201 CAGTCTGAGG CTTTCCGGAG CTTGCGCCTT GTTATTTTTT GTTTTGCAGA 
1251 ATGAAGGTGC TTTGAAAAGG GTTCGAAAAA AAAAAAAAAA AAAAAA 
- 一 
Fig. 4.7. Full-length cDNA sequence B68 o f c D N A clone. Specific primers used for 
sequencing were underlined and arrows were shown to indicate their directions for 
sequencing. 
133 Ch.4 Full Length cDNA Sequence 
Met Lys Phe Thr Asn Thr Leu Phe Ala Ala Gly Ala Phe lie Val Ser Val Ser Ser Met 
Pro Val Arg Arg Asp Val Asp Pro Asn Leu lie Pro Gin Phe Gly Leu Ala Ala Gly lie 
Asn Pro Asp Gly Thr Gly Asn Cys Asp Gly Val Asp Gly Pro Asn Gly Gin Pro lie Leu 
lie Pro Cys Ser Cys Pro Pro Asn Arg Asp Thr Phe lie Thr Asp Leu Asn Ala Asn Val 
Ala Ala Gly His Ala Val Asn Asn Pro Ser Val Ala Val Ser Phe Pro Ser Asp Asn Ser 
Gin Ala Ser Gin Leu Ala Arg lie Asp Ala Ala Leu Val Thr Leu Gin Asn Leu Asn Gly 
Ala Gly Val Gly Cys Pro Ala Ser Ser Thr Thr Phe Val Ala Gin Gin Ala Ala lie Gin 
Ala Gly Thr Gly Asp Val Ala Ala Ala Ser Thr Ser Ala Val Ala Ala Ala Ala Pro Thr 
Ser Ala Ala Ala Ala Ala Ser Ser Thr Ala Pro Ala Thr Gly Gly Val Asp Ala Ser Leu 
Val Pro Glu Phe Gly Val Thr Ala Gly Gin Ser Pro Asp Gly Thr Gly Asn Cys lie Gly 
lie Asp Asn lie Lys lie Pro Cys Ser Cys Pro Pro Asp Arg Asp Thr Phe lie Ala Asp 
Leu Asn Ala Asn Val Ala Ala Gly His Ala Thr Asn Asn Pro Ser Val Ser Leu Ser Phe 
Pro Thr Gly Asn Thr Asn Ala Asp Ala Ala Ala Arg lie Glu Ala Ser lie Val Thr Leu 
Gin Asn Leu Asn Gly Pro Gly Val Gly Cys Pro Ala Ala Ser Thr Thr Phe Ser Ala Gin 
Leu Ala Ala Val Gin 
Fig. 4.8. Amino acid sequence of ORF of B68 cDNA clone, the sequence are 
translated from 198 to 1055bp. 
5 0 0 ' H y d r o p a t h y i n d e x ( K y t e - D o o l i t t l e , 1 9 8 2 ) 
4 . 0 0 _ 
3 . 0 0 _ 
：：急MW^遍V 




I 1 1 1 1  
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Fig. 4.9. The hydropathy index of amino acid sequence translated from the ORF of 
B68 cDNA clone. 
134 Ch.4 Full Length cDNA Sequence 
1 GGAAGCTCCA AAAGATTCTC TTTGGATTGC TTTGCTTCAC TTTGTTGCCC 
51 TTTTCTCCAC CTCGAACATC TGCTATGGCA TTGAAACTGC TCTTCCTCGC 
101 TCTCACTGCC ACTACCATGA TGGGGCATAT GGCGAACGCT CAACAGCAAA 
151 CCATTAACTG TGCCGTTTGC AACAACGATC TCACCGGTGG TATTGGATTA 
201 CCTGACAACT CAATCACCTT GCTATCTGGA CAGGGTGAAG TGGGTGGCAA 
251 TCTGCAGTGC AACTACACAG TGACATCCAA CTTGCCTTTT ATCCCTAGCT 
— • 
301 TCACTATTAC TTGTGTTTAC TCGAACACCG ACTTTGGGGC ACTTGTCAAC 
351 GGTAGCGATA CATCGTGCCC TCCTAACCCG GTCCCGGTGG TTCAGGAAAC 
401 TGGATCGACC TGCACCCCAT CCGTGCCAAT TTCTACAAGT TTGTTTGTAA 
4 51 AGCATAAGGC TCCATCTTAA CCAGCATATC TCACCCAAGA GGTATACAAA 
501 AAAGAAAAAA AAAGAAAAAA GTGGTTGGGA CTAGTATGTT GTTTGTAAAC 
551 TCTACATAGG ATTTCTTGTT GCTTGAATTG TTGATAGGCT AATGCTTGTC 
i 
601 ATTGCCTCAT TCTTGCTCAA ATTTGATCTG TTTCAGATCT AAAAAAAAAA 
4 
Fig. 4.10. Full-length c D N A sequence o f PELO196 c DNA clone. Specific primers 
used for sequencing were underlined and arrows were shown to indicate their 
directions for sequencing. 
Met Ala Leu Lys Leu Leu Phe Leu Ala Leu Thr Ala Thr Thr Met Met Gly His Met Ala 
Asn Ala Gin Gin Gin Thr lie Asn Cys Ala Val Cys Asn Asn Asp Leu Thr Gly Gly lie 
Gly Leu Pro Asp Asn Ser lie Thr Leu Leu Ser Gly Gin Gly Glu Val Gly Gly Asn Leu 
Gin Cys Asn Tyr Thr Val Thr Ser Asn Leu Pro Phe lie Pro Ser Phe Thr lie Thr Cys 
Val Tyr Ser Asn Thr Asp Phe Gly Ala Leu Val Asn Gly Ser Asp Thr Ser Cys Pro Pro 
Asn Pro Val Pro Val Val Gin Glu Thr Gly Ser Thr Cys Thr Pro Ser Val Pro lie Ser 
Thr Ser Ser Val 
F i g - A l l . Amino acid sequence of ORF of PELO 196 cDNA clone, the sequence are 
translated from 95to 469bp. 
135 Ch.4 Full Length cDNA Sequence 
5 00 Hydropathy index (Kyte-Doolittle, 1982) 
4 . 0 0 一 
-3.00 _ 
- 4 . 0 0 一 
-5.00 J • _ 
I I I I I 1 1 1 1 1 1 1  20 30 40 50 60 70 80 90 100 110 120 
Fig. 4.12, The hydropathy index of amino acid sequence translated from the ORF of 
PEL0196 cDNA clone. 
* ^ 
136 Ch.4 Full Length cDNA Sequence 
1 GTCTCCAACA CTCTTCATCC TACGACGACG TTCTCTTTCG TTTCCGCTCC 
51 CACCATGAAA GTTGTTCTCT TTGCGTCCGC CGTGGCTCTG ATTTCTGGGG 
101 CCTATGCGCA AGATTTCACT ATTAACACAC CTGGAAGTTT GACGGAGTGC 
151 CAGCCTGTTC TTCTCCAATG GACTGGTGGA ACTCCCCCTT ACTTTTTGAG 
201 TGTCTACAAC TCTGGGGCTC CTTCCACTAA TGCAGAGACT CTGACGACGA 
251 CTAACAGCAC CAGCTTCACT TGGACCGTGA ACATTGCCTC TGGCCAAAGC 
� 
301 ATTGGTTTCA ATATCGTTGA CAATACTGGT GCCGAAAAGC AGAGCGCCGC 
351 CGTTCCGATC CAAGCCGGGT CTTCGACCAG CTGTGTTGGT CAGTCTGTCA 
401 GTGGTTCCGC CGGAGCCACA ACTACTGCTG CTTCTACTGG ATCTGGATCT 
451 GCTTCCACCA CAGGATCTGG TTCTTCGTCA ACCACTGCCA AGTCAACTGG 
501 TAGCTCCTCT GGAAGTCCTT CAACCACTAG CGCTGCCGGT TCTTCCACCA 
551 CTTCCTCTTC TTCTAATGGA GCCTCTTCCC AAGCTGCTCA GCTCGGCGCT 
601 GCCGGATTTA TTGGTGCTGC TATTGCCGCT CTCCTTGCTT AAGCAGACCC 
651 AA.CATATGGC CATGTAGCTG GTCGGACTCT TTCTTGTTGC CTGTTCAAGT 
701 TGGCCCTCAA CAACAAGTAT CGTTGTCTCC GTTTTAATCT TTCTCATTAC 
751 GAACTCTCGT CGAATTATAC TTTACTCTTT GAGTTGTTTA GCATTCTACT 
_ 
801 TAGGATAATT CCACTACATT CTCACTACCC GTGGTTAGAG CATTCTCGAC 
851 AATATGGGCT GCTCTTTGCT CAGTTTCCTG TGTCGGCGTG GCTATCTTTC 
901 AATGACATTC GTTCTTTTTG GCGAAAAAAA AAAAAAAAAA 
A 
Fig. 4.13. Full-length cDNAsequence ofPELO199 cDNAclone . Specific primers 
used for sequencing were underlined and arrows were shown to indicate their 
directions for sequencing. 
Met Lys Val Val Leu Phe Ala Ser Ala Val Ala Leu lie Ser Gly Ala Tyr Ala Gin Asp 
Phe Thr lie Asn Thr Pro Gly Ser Leu Thr Glu Cys Gin Pro Val Leu Leu Gin Trp Thr 
Gly Gly Thr Pro Pro Tyr Phe Leu Ser Val Tyr Asn Ser Gly Ala Pro Ser Thr Asn Ala 
Glu Thr Leu Thr Thr Thr Asn Ser Thr Ser Phe Thr Trp Thr Val Asn lie Ala Ser Gly 
Gin Ser lie Gly Phe Asn lie Val Asp Asn Thr Gly Ala Glu Lys Gin Ser Ala Ala Val 
Pro lie Gin Ala Gly Ser Ser Thr Ser Cys Val Gly Gin Ser Val Ser Gly Ser Ala Gly 
Ala Thr Thr Thr Ala Ala Ser Thr Gly Ser Gly Ser Ala Ser Thr Thr Gly Ser Gly Ser 
Ser Ser Thr Thr Ala Lys Ser Thr Gly Ser Ser Ser Gly Ser Pro Ser Thr Thr Ser Ala 
Ala Gly Ser Ser Thr Thr Ser Ser Ser Ser Asn Gly Ala Ser Ser Gin Ala Ala Gin Leu 
Gly Ala Ala Gly Phe lie Gly Ala Ala lie Ala Ala Leu Leu Ala 
Fig. 4.14. Amino acid sequence of ORF of PEL0199 cDNA clone, the sequence was 
translated from 75 to 662bp. 
137 Ch.4 Full Length cDNA Sequence 
5 00 H y d r o p a t h y i n d e x ( K y t e - D o o l i t t l e , 1 9 8 2 ) 
4.00 _ 
3 .00 _ 
2.00 . M jt 
- 2 . 0 0 _ ^ 
-3.00 _ 
-4.00 一 
-5.00 J . 
I i i i i i i 1 i  
20 40 60 80 100 120 140 160 180 
Fig. 4.15. The hydropathy index of amino acid sequence translated from the ORF of 
PEL0199 cDNA clone. 
138 Ch.4 Full Length cDNA Sequence 
1 AAAGCTGGAG CTCGCGCGCC TGCAGGTCGA CACTAGTGGA TCCAAAGAAT 
51 TCGCGGCCGC GTCGACTACG GCTGCGAGAA GACGACAGAA GGGGAAGCTA 
101 GTCTTCACTC CCTCAATCCC ATTTTCTTTC CTTTGTCAAC AAGCAGGGCT 
151 TGTTCTCATC GCACTCTTTA CTCAACCTAA CTCCTACTCT CACTCAACTA 
201 CTCTATCACA ATGCGTTTCA CATTTGCATC TGTCATGTTC GTCGTCGTCG 
251 CAGCCCTCTT CACCATTTTC ACGGCGGAGG CTGCCGCAGT CCCTCGTCCC 
� 
301 CAAGCTCGTG CTCCTGAACA ACCCGTCGAG GTCGTCACCC GAGCTGTTCC 
351 AGAATCGGGA CCAATTGTTG CTGTGCGGAT GCACGCCAGG GATTTCCATT 
401 CTCACGCTCG TTCTCCGAGT TCTGTCGATG GCGCAGTCTC AGTAGAAAAG 
451 CGTGGACGTG TTCATGCCAG AGACTTTCGC GCAGTTTGAA CGAGGTTACA 
501 GGATGGGGTG GTTACAGAAG TTGTTTGAAG GATTTGATCA TGGAAGACGA 
551 AAGATTGTAC TCTGGATTGT TTCGTGTATT GAGTGAGATT TGTTGATCAA 
601 ATTCAACTCC CATTACTACG GGTTACCAAA AAAAAAAAAA AAAAAAAAAA 
Fig. 4.16. Full-length cDNA sequence of PEL0413 cDNA clone. Specific primers 
used for sequencing were underlined and arrows were shown to indicate their 
directions for 'sequencing. 
Met Arg Phe Thr Phe Ala Ser Val Met Phe Val Val Val Ala Ala Leu Phe Thr lie Phe 
Thr Ala Glu Ala Ala Ala Val Pro Arg Pro Gin Ala Arg Ala Pro Glu Gin Pro Val Glu 
Val Val Thr Arg Ala Val Pro Glu Ser Gly Pro lie Val Ala Val Arg Met His Ala Arg 
Asp Phe His Ser His Ala Arg Ser Pro Ser Ser Val Asp Gly Ala Val Ser Val Glu Lys 
Arg Gly Arg Val His Ala Arg Asp Phe Arg Ala Val 
Fig. 4.17. Amino acid sequence of ORF of PEL0413 cDNA clone, the sequence was 
translated from 211 to 489bp. 
139 Ch.4 Full Length cDNA Sequence 
Hvdropathy index {Kyte-Doolittle, 1982) 




-4 .00 _ 
-s.oo J , 1 i i i i i i  
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Fig. 4.18, The hydropathy index of amino acid sequence translated from the ORF of 
PEL0413cDNA clone. 
< 
140 Ch.4 Full Length cDNA Sequence 
1 GGACACCTTA CCTTTTCCTC TTTTTATTCC CCCAGCGGGT TGTAGGTTGC 
51 GCAGACGCAC TTCCCCTCTC TCTCTCTCTT ACAAGTTAAT ACCCATTCTT 
101 CACATTTTCA ATAATGTCCG CCATGGAGAC TGTCGCTGCC CCTGTTGCTC 
151 CCGTTGAGGA GGTTAAACCA ATTGAGTCAA CCACCGAGCC CGCTGCCCCT 
2 01 GTTGTGACAA CACCTGCACC TGCTGAGGAC GCTCCTAAGG CTGAAGAAGC 
2 51 TACCACCGTG GAAGCTAAGG CAGAGGAGAC ACATGCTGCC GCTGCTGAAG 
3 01 AGCCCGTTGC TAGCACTGAA CCCGCCAGCG AGGCCGCTCC TGCTGAAGAG 
3 51 ACCACCAAGG ATGCTGCTAA GGATGAAGCC AAGCCTGCTG AGGAGTCCTC 
4 01 TAAGAAGGAG GATGCTCCGA AGAGTCCCAC TCTTCTCGCC AAGCTGCTTG 
451 CTCCTTTCAA GAGTGATAAA CATAAGGCTG AGAAGAAGGT AAAGGCTGCC 
5 01 AAGAGTCCTA AGAAAGAGAA GAAGAAGGAG GAAAAGAAGG AAGAGAAGAA 
551 GGAGACCTCG GAGCCTGCTG CCCCCGCTAC TGAGGAGCCC ACTGCTACCG 
601 AAGGTGCCAC TGAGACACCT GCTGCTGAGG TTGTTGCAGC CGAAGAGGCT 
651 CCTGTTGTCA CCGAGGAGCC TACCAAAGGC AGTGAGACTC CTGCTATCGT 
701 TGAATCTGCT GCCGAGGCTG CCCCCGTCGA GGAACCGAAG GAAGAGAAGA 
751 AGGAAGAGAA AGTCGCAAAG CCTACCAAGG TTGGACGCCG TCTTTCTGCG 
801 CGTGTTGGCG ACTTCTTTAA GCCCAAGCCG AAATCGGAGG TTTCAACACC 
851 TGCCAAAGTT GATGAGCACC CTCCTAAGAT TGAAGAGCCT ACTCCCGTCG 
901 CTCCTCTTGA AAACCCTGCC TCGGAGCCCA CCACCGAAGC GCCTGCTGCC 
951 ACCGCTGAGG CCACCGAGGA AGCTGTTGCT GATAAGCCCA CAGAAACATC 
1001 TGAGGCTGCA CCTGTAGTGG CTGCTGCTGC ATAAATGTTC TTTGATGTTC 
1051 CTCTTGCTGA ATGACCGTTA TGAGTAGCCT TTCTATATCT TGTCTTGATC 
1101 TCTACGTTCG CTTCACTTTC TACCAGCATC ACATCTCTTG GACTATGTTA 
1151 GGTCTATTTG AGCCCATGCG TCTTTACTTA TCTTTTCACT CGTACGTTAC 
“ 1 2 0 1 TCGTGGATTT GGTTGTCGTA TTCATTCCTC GCCTTAACGA CTTTCTGACG 
4 
1251 ACGACCTGCT CCTCTTCGCC TAATTTTCAT CTCCCTATAT TCCATGGTCT 
13 01 GATTTGAATA CCCTTACTTT CTTTTATCGG ATCCTACCCC ATGCGCTTAG 
1351 GTTTCTTTTG TAATCAATTT GTTTTACGAT TAAAAAAAAA AAAAAAAAAA 
Fig. 4.19. Full-length c DNA s equence o f P EL0525 c DNA c lone. S pecific p rimers 
used for sequencing were underlined and arrows were shown to indicate their � 
directions for sequencing. 
141 Ch.4 Full Length cDNA Sequence 
Lys Ala Glu Lys Lys Val Lys Ala Ala Lys Ser Pro Lys Lys Glu Lys Lys Lys Glu Glu 
Lys Lys Glu Glu Lys Lys Glu Thr Ser Glu Pro Ala Ala Pro Ala Thr Glu Glu Pro Thr 
Ala Thr Glu Gly Ala Thr Glu Thr Pro Ala Ala Glu Val Val Ala Ala Glu Glu Ala Pro 
Val Val Thr Glu Glu Pro Thr Lys Gly Ser Glu Thr Pro Ala lie Val Glu Ser Ala Ala 
Glu Ala Ala Pro Val Glu Glu Pro Lys Glu Glu Lys Lys Glu Glu Lys Val Ala Lys Pro 
Thr Lys Val Gly Arg Arg Leu Ser Ala Arg Val Gly Asp Phe Phe Lys Pro Lys Pro Lys 
Ser Glu Val Ser Thr Pro Ala Lys Val Asp Glu His Pro Pro Lys lie Glu Glu Pro Thr 
Pro Val Ala Pro Leu Glu Asn Pro Ala Ser Glu Pro Thr Thr Glu Ala Pro Ala Ala Thr 
Ala Glu Ala Thr Glu Glu Ala Val Ala Asp Lys Pro Thr Glu Thr Ser Glu Ala Ala Pro 
Val Val Ala Ala Ala Ala 
Fig. 4.20. Amino acid sequence of ORF of PEL0525 cDNA clone, the sequence are 
translated from 134 to 1054bp. 
5 0 0 H y d r o p a t h y i n d e x ( K y t e - D o o l i t t l e , 1 9 8 2 ) 
4 . 0 0 _ ‘ 
3 . 0 0 _ 
2 . 0 � _ 1 J 
: : : ^ l i y ‘ 
- 5 . 0 0 
I I I 1 1 H 
5 0 1 0 0 1 5 0 2 0 0 2 5 0 3 0 0 
Fig. 4.21. The hydropathy index of amino acid sequence translated from the ORF of 
PEL0525 cDNA clone. 
142 Ch.4 Full Length cDNA Sequence 
1 GGGAACATGT CCAATACACA ATCCATCGCG CCTGTCCCGA TTGACCAGAT 
51 CGTGAAGGCC ACGAACATCC TTCAACAAAG TTCTGCCCCA AAATTCGGAC 
101 ACGAACTTCT TCCGTATTTC AGTTTCAAGC AGGGGTTTCT CAATCTCAAC 
151 AATGGTATGG TCGTTTCGAG CTACTTTCCA AAAGCGAATA ACCATCGTTC 
201 ATGCTTTCTT CCGCAGGATC ATATGGCGCT CTGCCCAAAG TTGTGACCGA 
251 AGCTTGCAAT GAGCTGATGG CATGGCGGGA GGAGAACACT GATTTCTACT 
301 ATCGGATCGG TTTTATTCCA CCTTTAATCG GTGTACGCGA ACAGCTTGCC 
351 CAACTTGTGG GTGCATCGGA CGTCGACGAG CTTGTCATGG TACCCAACGC 
401 GTCCACTGGC CTTGGTGTCG TTCTCAGAAA CTTTTTATGG CAATGTGGTG 
451 ATACTATCAT TCGCTGCAAC ACAACTTATG CCACCGTCTA TAAGACCATT 
501 CAATATATCC ACGACGTCAC TCCAGGCCTT GAAATCTCAG AGTTTCAACT 
551 TCTTTTCCCC ACCACCCGCC AAGCCATCCT TGACGGCTGG CAGAAACATA 
601 TCACCAATGT GAAGGCAAAC GCTCCCCAGG GTCAGAAAAT TGTCGCTGTC 
651 ATTGATTCAG TGGTTGCCAA CCCCGCAGCG GCTATGCCGT GGAAGGAGAT 
701 GGTGAAGATC TGCAAGGACG TCGGAATTTG GACCATCATA GATGGTGCAC 
751 ATTCTGTCGG CCAGGAAGAC CTTCATTTGG CTGATTGTGG TGCCGACTTT 
801 TTCGTCAGCA ATTGTCATAA ATGGCTCAAT ACAAAGCGGG GCGCAGCCTT 
851 CCTTTGGATG CCCAAAGAAT CGCAAAAAAT CATGTTAACT ACTATTCCCA 
901 CCTCAGCTTC GTATGTTACA CCGGGTCCTG ACAGGCCTGA GACTAACATT 
951 GTCTCACAGT TCCAATACAA TGGGACGATT GATTATACGA CGTATCTATC 
1001 CGTTCATGTT GCTTTGCAAT GGCGCGAATG GGTCGGCGGA GAAGCCGCTA 
1051 TCCATCAATA TTGCAACAAC CTAGCTAAAA AGGGTGGTGC GCTCCTTGCC 
1101 CAAACAATGA GTACGAAGGT CATGGATCCT AATGGCGAAT TCACCATGGC 
1151 CATGGTGAAC GTTACTCTTC CTTTCCCTTC AGACTTCCAG GCGCAATACG 
1201 ATGCTTCAGT TGGCACGGCA CTCAGTAACA AGCTCCTGGC GCGAAACATG 
1251 TACGCCGTGA CTTACTATCA CAACAGTTTA TGGTGGACCA GAGTCAGCGC 
1301 ACAAATCTGG AATGAACTCA GCGATTTCGG TTTCCTGGGA AATGCTCTTG 
1351 TGACTATTTG TAGCGAGATC GTTTCCGAAC ACAAGAGCGC GAACGTTCCT 
1401 CAAAACTGCA AGGCGGTTTC TTTCAGCTCG TACTTGGAGC AACCACTCAA 
1451 AGGTGCTGTG GCTCTCGATT CAAACAATGG GATTGGGGCT CCTAGGCCGG 
4 
1501 TCACAAGTAC GAAGGTTACG CTAGTTGGCT ATCATACGCA GCTTGCTTCC 
1551 ATTAGGCCTT GAGTTGAAAC GGATATTAAT GCGATACATT GGAGAATCTT 
1601 TGTAGTAATA CTAATAGTAT CTCAGTCTGT ACTCAGAATT CACGTTTTTG 
1651 CGTCACGCAA AAAAAAAAAA AAAAAAAAAA 
Fig. 4.22. Full-length cDNA sequence of PEL0549 cDNA clone. Specific primers 
used for sequencing were underlined and arrows were shown to indicate their 
directions for sequencing. 
143 Ch.4 Full Length cDNA Sequence 
Met Leu Ser Ser Ala Gly Ser Tyr Gly Ala Leu Pro Lys Val Val Thr Glu Ala Cys Asn 
Glu Leu Met Ala Trp Arg Glu Glu Asn Thr Asp Phe Tyr Tyr Arg lie Gly Phe lie Pro 
Pro Leu lie Gly Val Arg Glu Gin Leu Ala Gin Leu Val Gly Ala Ser Asp Val Asp Glu 
Leu Val Met Val Pro Asn Ala Ser Thr Gly Leu Gly Val Val Leu Arg Asn Phe Leu Trp 
Gin Cys Gly Asp Thr lie lie Arg Cys Asn Thr Thr Tyr Ala Thr Val Tyr Lys Thr lie 
Gin Tyr lie His Asp Val Thr Pro Gly Leu Glu lie Ser Glu Phe Gin Leu Leu Phe Pro 
Thr Thr Arg Gin Ala lie Leu Asp Gly Trp Gin Lys His lie Thr Asn Val Lys Ala Asn 
Ala Pro Gin Gly Gin Lys lie Val Ala Val H e Asp Ser Val Val Ala Asn Pro Ala Ala 
Ala Met Pro Trp Lys Glu Met Val Lys lie Cys Lys Asp Val Gly lie Trp Thr lie lie 
Asp Gly Ala His Ser Val Gly Gin Glu Asp Leu His Leu Ala Asp Cys Gly Ala Asp Phe 
Phe Val Ser Asn Cys Kis Lys Trp Leu Asn Thr Lys Arg Gly Ala Ala Phe Leu Trp Met 
Pro Lys Glu Ser Gin Lys lie Met Leu Thr Thr lie Pro Thr Ser Ala Ser Tyr Val Thr 
Pro Gly Pro Asp Arg Pro Glu Thr Asn lie Val Ser Gin Phe Gin Tyr Asn Gly Thr lie 
Asp Tyr Thr Thr Tyr Leu Ser Val His Val Ala Leu Gin Trp Arg Glu Trp Val Gly Gly 
Glu Ala Ala lie His Gin Tyr Cys Asn Asn Leu Ala Lys Lys Gly Gly Ala Leu Leu Ala 
Gin Thr Met Ser Thr Lys Val Met Asp Pro Asn Gly Glu Phe Thr Met Ala Met Val Asn 
Val Thr Leu Pro Phe Pro Ser Asp Phe Gin Ala Gin Tyr Asp Ala Ser Val Gly Thr Ala 
Leu Ser Asn Lys Leu Leu Ala Arg Asn Met Tyr Ala Val Thr Tyr Tyr His Asn Ser Leu 
Trp Trp Thr Arg Val Ser Ala Gin lie Trp Asn Glu Leu Ser Asp Phe Gly Phe Leu Gly 
Asn Ala Leu Val Thr lie Cys Ser Glu lie Val Ser Glu His Lys Ser Ala Asn Val Pro 
Gin Asn Cys Lys Ala Val Ser Phe Ser Ser Tyr Leu Glu Gin Pro Leu Lys Gly Ala Val 
Ala Leu Asp Ser Asn Asn Gly lie Gly Ala Pro Arg Pro Val Thr Ser Thr Lys Val Thr 
Leu Val Gly Tyr His Thr Gin Leu Ala Ser lie Arg Pro 
Fig. 4.23. Amino acid sequence of ORF of PEL0549 cDNA clone, the sequence was 
translated from 221 to 1582bp. 
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Fig. 4.24. The hydropathy index of amino acid sequence translated from the ORF of 
PEL0549 cDNA clone. 
144 Ch.4 Full Length cDNA Sequence 
Full-length cDNA sequence of eight ESTs that matched with the abundant 
SAGE tags were obtained and analyzed. Three of them have putative homologies by 
matching with BLASTX+BEAUTY algorithm at the Baylor College of Medicine 
(BCM) search 1 auncher or BLAST® search o f N C B I s e q u e n c e databases; they are 
LeUbi, B2-aldehyde forming enzyme and neruofilament-H. Their proteins structure 
were predicted by BCM. 
LeUbi i nvolved i n i ntracellular m olecular t rafficking h as b een found d ifferentially 
expressed in primordial stage of L edodes by RNA fingerprinting and reverse 
dot-blot analysis (Leung et al., 2000). The relative expressions oiLeUbi from SAGE 
and microarray analysis are consistent. It is highly homologous to ubiquitin of other 
eukaryotes，for example, LeUbi is 86% identity and 92% similarity to UBI of 
Aspergillus midulans. The sequence of LeUbi was aligned with multiple sequences 
of ubiquitin from Schizophyllum commune, Arabidopsis thaliana. Homo sapiens, 
Neurospora crassa, Oryza sativa, Saccharomyces cerevisiae, and Pleurotus ostreatus 
(Figure 4.2). The sequence of the ubiquitin domain o f l . edodes is highly conserved 
with that of other species. Ubiquitination has some functions such as proteolysis, cell 
cycle control, ribosomal biogenesis and stress response (Jentsch, 1992)，the 
differentially expressed in LeUbi of L. edodes indicating that L edodes ribosomal 
biogenesis and protein turnover during primordium (Leung et al., 2000). 
B2-aldehyde forming enzyme catalyzes the oxidation of 5'-hydroxymethyl of 
riboflavin to the formyl group (Chen and McDormick, 1997). The relative 
expression of the cDNA clone that is putative homologous to B2-aldehyde forming 
enzyme is consistent in result of SAGE and microarray. It is differentially expressed 
in primordium of L edodes, suggesting that oxidation of 5'-hydroxymethyl of 
riboflavin，a key step in riboflavin biosynthesis active in primordium. 
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PEL0525 (Fig. 4.20) contains leucine zipper pattern at 365 to 386bp, 
prokaryotic membrane lipoprotein lipid at 354 to 364bp and tyrosine kinase 
phosphorylation site at 226 to 232bp. From BCM search, PEL0525 is related to 
neurofilament protein H. Mammalian neurofilaments, composed predominantly of 
polypeptides, are the major cytoskeletal structure of many neurons. Also, PEL0525 
(Fig. 4.21) cDNA clone encoded a predicted protein contains large amounts of valine, 
alanine, and glutamine. It is highly hydrophilic and acidic. N-terminal and 
C-terminal of the predicted protein are hydrophobic. It is suggested that this protein 
is involved in signal transduction during fruiting. 
B68 C D N A clone has low homology to DNA repair gene. It was fully sequenced 
and the open reading frame was translated for analysis. Hydrophobicity of the 
predicted protein encoded from the sequence of B68 cDNA clone was analyzed by 
Hydropathy index (Kyte-Doolittle, 1982) (Fig. 4.9). A large subunit the predicted 
protein is hydrophobic and a small subunit is hydrophobic, indicating that the 
predicted protein may be membrane bound. Besides, it is an acidic protein and 
contains comparatively large amounts of proline (Pro) and phenylalanine (Phe). 
Proline is often located at the turn of a peptide chain in the 3-D structure of a protein 
- a n d phenylalanine contains an aromatic ring at their R groups. There are 23 proline 
residues, suggesting that its structure may contain many loops. The predicted protein 
encoded from the sequence of B68 cDNA clone seems covering a large part of 
membrane and contain specific structures for signal transduction. 
Predicted protein encoded by the sequence of PEL0196 cDNA clone is acidic 
and hydrophilic (Fig. 4.12). It is rich in serine and threonine, showing that it is a 
highly hydrophilic serine rich protein. In yeast Saccharomyces cererisiae, the 
expression of SRPl (serine-rich protein) gene is induced by low temperature and 
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anaerobic growth condition (Donzeau et al., 1996). From SAGE result, gene 
transcripts o f P ELOl 96 cDNA c lone s how d ifferentially expressed i n p rimordium, 
suggesting that the predicted protein encoded from the sequence of PEL0196 cDNA 
clone may be needed for tolerating stresses such as temperature stress during 
primordial stages. However, compared with other predicated proteins, it contains 
comparatively more cysteine and methionine. This suggests that they may be a kind 
of metalloproteins since methallothioneins (MTs) that represent a superfamily of 
widely differentiated metalloproteins are sulfhydryl-rich proteins binding essential 
and non-essential heavy metals (Viarengo et al, 2000). 
PEL0199 cDNA encode a protein containing large amounts of both serine and 
alanine. It also contains serine-rich tandem repeats. N-terminal and C-terminal of the 
predicted protein are hydrophobic (Fig. 4.15), indicating that it may be a membrane 
bound protein. In yeast Saccharomyces cererisiae, a family of TIP 1-related protein 
associated with the membrane are induced by cold-shock. TIPl, TIRl and TIR2 are 
rich in both serine and alanine residues and each contains serine-rich tandem repeats, 
they contain putative N-terminal signal peptides as well as hydrophobic C-terminal 
sequence (Kowalski et al., 1995). This predicted serine-rich protein contains similar 
- amino acid composition with TlPl, TIRl and TIR2. From the results of SAGE, gene 
transcripts in PEL0199 cDNA clone was differentially expressed in primordial stage 
of L edodes. This suggests that the predicted protein is induced by cold-shock 
during fruiting body formation. 
Predicted protein encoded from the sequence of PEL0413 and PEL0549 cDNA 
clone is basic and hydrophobic (Fig. 4.17). It contains many alanine, valine, 
phenylalanine and proline. Large part of the anterior region is hydrophobic that 
mostly likely to be buried in membrane and the posterior region is mostly 
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hydrophilic, suggesting that the predicted protein may be a membrane bound protein. 
Since it contains many proline and phenylalanine, it may be involved in signal 
transduction. 
* >v 
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Chapter 5 General Discussion 
L edodes has good-taste, high nutritional value and natural healing abilities so 
it becomes one of the world's top selling edible mushroom. Researchers try to isolate 
and purify proteins from mushroom for medicinal uses. Peoples would like to 
improve yield of L. edodes through agricultural studies and molecular researches. 
ESTs and RAP-PCR have been approached to study the complex developmental 
process during fruiting body formation. Cold-shock and light were shown important 
for fruiting (Bian, 2001). Differentially expressed genes, for example, GTP-binding 
proteins, were cloned and sequenced to analyze their functions in fruiting (Ng, 
2000) . 
In this study, an advanced technology, SAGE, was used to determine the gene 
expression profile of mycelium and primordium of L. edodes. By using SAGE, each 
gene transcript is represented by a tag and counted to reveal its expression level 
(Table 2.1, table 2.2.). In mycelial stage, 3503 SAGE tags were collected while in 
primordial stage, 3449 tags were collected. Since SAGE tags are too short to identify 
their putative homology by BCM or NCBI. Their identities were matched with 
extracted SAGE tags from ESTs collection in our laboratory. About 4% of SAGE 
unique tags from mycelium SAGE library and 5% of SAGE unique tags from 
primordium SAGE library are matched with ESTs generated from RNA of 
primordium. Percentage of matching between SAGE tags and ESTs are low possibly 
owing to low representation of the genome of L edodes or biases in the generation 
of SAGE tags and ESTs. To confirm the SAGE result, cDNA microarray 
hybridization was used to determine the expression levels of the ESTs in mycelium 
and primordium. 
For convenience, in my following discussion, SAGE tags that matched with 
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ESTs are referred to as SAGE tags and unique SAGE tags that matched with ESTs 
are referred to as unique tags. For example, one unique tag of 83 SAGE tags was 
matched with an EST that is homologous to hydrophobin 1. The cellular roles of the 
SAGE tags were categorized by the classification method development by the 
Expressed Gene Anatomy Database (EGAD) of The Institute for Genome Research 
(TIGR) (Table 2.3 and 2.4). Unique tags involved in cell division, cell signaling, and 
cell structure were small in ratio in both developmental stages. Larger proportion of 
SAGE tags was involved in cell defense, gene/protein expression and metabolism. It 
indicates that for cell division and cell signaling, small amounts of expressed genes 
are enough to induce and regulate other expressed genes and proteins to perform 
their functions. Less expressed genes for cell structure suggests that morphology of 
L edodes are simple, differentiations of cell structure are low. It is because 
mushroom�no matter which developmental stages, is made of mycelial gathering. 
Similar percentage of unique tags is contributed to metabolism in both 
developmental stages, indicating that the importance of metabolism is almost the 
same in both stages. 
The distribution percentage of the unique tags in the seven cellular roles was 
consistent to cDNA microarray analysis. In cDNA microarray analysis, the 
hybridization ratio of each cDNA microarray hybridization clone represent the 
relative expression of each gene transcripts obtained from ESTs cDNA clones. 124 
genes were differentially expressed in mycelium and 332 cDNA microarray 
hybridization clones were differentially expressed in primordium. Categorizing their 
cellular roles by EGAD (Table 3.4) showed that smaller proportion of genes were 
involved in cell signaling, cell division, and cell structure while larger proportion of 
genes were involved in cell defense, gene/protein expression and metabolism in both 
developmental stages. Also, same percentage of clones contributed for metabolism 
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in both stages. 
Results from cDNA microarray hybridization are consistent to results from 
SAGE analysis. On the average, about 54% of the relative expressions of unique tags 
are consistent with the relative expressions of genes determined by cDNA 
microarray analysis. The higher abundance of the unique tags, the higher percentage 
of consistence between the relative expressions determined for the unique tags and 
be cDNA microarray analysis (Table 3.3, figure 3.5). 
Reverse dot-blot hybridization of ESTs was used to analyze the expression 
patterns of the ESTs between mycelial and primordial stages previously (Ng, 2000). 
Comparing the relative expression of ESTs in reverse dot-blot hybridization and the 
relative expression of cDNA microarray hybridization clones or the relative 
expression of unique tags, 41% of the relative expression of ESTs determined by 
cDNA microarray are consistent with the relative expression of ESTs determined by 
reverse dot-blot hybridization and 61% of the relative expression of unique tags are 
consistent with the relative expression of ESTs determined by reverse dot-blot 
hybridization (Figure 5.1). 
Results of reverse dot-blot hybridization are more consistent with SAGE than 
with cDNA microarray hybridization, despite that the principle of reverse dot-blot 
hybridization and cDNA microarray hybridization are basically the same. Northern 
blot hybridization can be used to analyze the genes with inconsistent relative 
expression levels among these technologies. 
Some ESTs have low similarity to their putative homologies searched from 
BCM Search Launcher. These ESTs match with the SAGE abundant unique tags so 
full-length sequencing was performed to identify those unique tags that is abundant 
during primordial stage. Besides, three abundant unique tags that matched with ESTs 
having high similarity with their putative homologies were selected from full-length 
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cDNA sequencing to ensure and analyze their identities. 
ESTs cDNA clones that are homologous to ubiquitin (LeUbi), B2-aldehyde 
forming enzyme and iieurofilament-H were selected for full-length sequencing. 
These sequences were highly homologous to their putative homologies. They 
matched with unique tags containing 24, 9 and 22 copies respectively in primordial 
stage. The sequence of LeUhi and B2-aldehyde forming enzyme were then aligned 
with multiple sequences of ubiquitin or B2-aldehyde forming enzyme from other 
organism. The sequences encoding for ubiquitin and B2-aldehyde forming enzyme 
show conserved among different organisms (Figure 4.3, figure 4.6). The other 
sequences with low homology to their putative homologies were sequenced and their 
ORF were translated to amino acid sequences for analyzed. Proteins were predicated 
from amino acid sequences. 
Most Qf the predicted proteins may be membrane-bound protein contributed to 
cell signaling. Some of them are serine-rich proteins and one of them is « 
metalloprotein. It is surprising that the relative expression of ESTs cDNA clones 
encoding the membrane-bound predicted proteins are inconsistent in cDNA 
microarray hybridization analysis and SAGE analysis. The repeating nucleotide 
sequences that encode these predicted proteins may affect the efficiency of cDNA 
microarray hybridization or SAGE analysis. The nucleotide sequences of some of 
these predicted membrane-bound proteins contain repeating sequences. Protein 
analysis such as 2-D gel electrophoresis can be used to further study the relationship 
and abundance of these predicted proteins. 
Many SAGE tags do not match with ESTs, to identify these SAGE tags, more 
ESTs can be generated to increase the database or Generation of Longer cDNA 
Fragments from Serial Analysis of Gene Expression Tags for Gene Identification 
(GLGI) method (Chen et ciL, 1999) can be use to increase nucleotide sequence length 
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of SAGE tags for identification. 
From SAGE results, it is concluded that from mycelium to primordium of L 
edodes, most of the proteins highly expressed in primordium are expressed e.g. 
Libiquitins. On the contrast, most of the proteins highly expressed in mycelium are 
suppressed e.g. hydrophobin 2 and 3. It is observed that the expression levels of 
most abundant transcripts are in contrast in both developmental stages. 
Moreover, protein synthesis increases during fruiting for example there is a 
significantly increase in the number of total and unique transcripts involved in 
ribosomal proteins from mycelial stages to primordial stages. 
Also, the structural proteins change sets from mycelium to primordium. The 
numbers of total and unique transcripts for cell structure are almost the same in 
mycelium to primordium but in different sets. Hydrophobin 2 and 3 are only 
expressed in mycelium while hydrophobin 1 are only expressed in primordium. 
Besides, all hydrophobins are highly expressed in their developmental stage. 
Signal transduction is going to increase from mycelium to primordium. On the 
other hand, from mycelium to primordium, more expressed proteins are used to 
defend against stresses. Last, protein turn-over seems to be arise during fruiting 
because there is a significantly increase in the total numbers of ubiquilins during 
primordial stage. 
Overall speaking, the cDNA microarray hybridization results can support the 
reliability of SAGE results. The relative expressions of most abundant identified 
transcripts are consistent. Also, cDNA microarray supports the conclusion that the 
transcripts levels of most of the identified transcripts are different in mycelial and 
primordial stages. 
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No. of cDNA clones No. of cDNA clone No. of cDNA clone 
ill Microarray & in SAGE & reverse in SAGE & 
reverse dot-blot dot-blot microarray 
Total 215 59 147 
Consistent 88 38 83 
% of consistence 41% 64% 56% 
Table 5.1. The consistence of cDNA clones numbers in SAGE analysis, cDNA 
microarray hybridization and reverse dot-blot hybridization. 
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Appendix 
Adapter A (20iig/}.il) 
5’ TTTGGATTTGCTGGTGCAGTACAACTAGGCTTAATAGGGACATG 
3’ 3'amino(C7) CCTAAACGACCACGTCATGTTGATCCGAATTATCCCT PO4 
5, 
Adapter B (20ng/|al) 
5 ’ TTTCTGCTCGAATTCAAGCTTCTAACGATGTACGGGGACATG 3 ‘ 
3'amino(C7) GACGAGCTTAAGTTCGAAGATTGCTACATGCCCCT PO4 5， 
Primer set 1 
PEL41lb ' 
5’ GCAATTACCCATGGCCTGAT 3’ 
CK70 
5' GTGGCAAGCGTTTCCTCT 3' 
Primer set 2 
PEL443 
5’ GGCAGCAAACACCAAGAG 3’ 
CK89 
5, GGATTTGCTGGTGCAGTA 3’ 
� 
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Primers for PCR Scale up 
DTP-1 
5' GGATTTGCTGGTGCAGTACA 3， 
DTP-2 
5’ CTGCTCGAATTCAAGCTTCT 3’ 
Primers for PCR screening 
Ml3 Forward (- 20) primer . 
5’ GTAAAACGACGGCCAG 3’ 
M13 Reverse (- 20) primer 
5’ CAGGAAACAGCTATGACC 3’ 
� 
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